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March 12, 1908.— Referred to the Committee on Rivers and Harbors and 
ordered to be printed with accompanying illustrations. 



War Department, 
Washington, March 12, 1908. 
Sib: I have the honor to transmit herewith a letter from the 
Acting Chief of Engineers, U. S. Armv, dated 10th instant, together 
with copy of a report of a Board of fengineers, dated Xovember 7, 
1907, upon an examination of the Tennessee River from the head oi 
Elk River shoals to the Florence Railwav bridge, in the State of 
Alabama, and upon all plans which have been submitted by private 
or corporate agencies with a view to the improvement of the above- 
described stretch of said river, made in compliance with the pro- 
visions of an item contained in the river and harbor act of March 2, 
1907. 

Very respectfully, W^r. H. Taft, 

Secretary of War. 
The Speaker of the House of Representatives. 



War Department, 
OmcE of the Chief of Engineers, 

Washington, March 10, 1908. 
Sir: I have the honor to submit herewith for transmission to Con- 
gress a report, dated November 7, 1907, by the Board of Engineers 



2 TENNESSEE BIVEB. 

appointed by the Secretary of War, in pursuance of the following 
provision in the river and harbor act of March 2, 1907 : 

The Secretary of War may appoint a Board of Engineers whose duty it shaU 
be to examine the present condition of the United States Canal and the Tennes- 
see River from the head of Elk River shoals to the Florence Railway bridge, 
in the State of Alabama, with a view to permitting the improvement of the 
above-described stretch of said river by private or corporate agency in conjunc- 
tion with the development of water power by means of not more than three 
locks and dams ; and the i^id Board may examine any plans presented by such 
agency and shall report whether the same, if constructed, can, without injury 
to navigation, or with advantage thereto, be used to develop water power, and 
what portion, if any, of the expense of the work should be borne by the United 
States. 

2. The Board has given the subject very careful consideration and 
its comprehensive and instructive report covers the various questions 
set f ortn in the aforesaid provisions of the act. 

3. The first question presented is as to permitting the improve- 
ment by private parties of the Tennessee River between the head 
of Elk River shoals and the Florence Railway bridge in conjunc- 
tion with the development of water power by means of not more 
than three locks and dams. 

4. The Board concludes that it would not be to the advantage of 
navigation to attempt the improvement of the entire section by not 
to exceed three locks and dams, but a portion of it can be so im- 
proved, and the entire stretch could probably be so improved by four 
locks and dams, the lower one of comparatively small lift and the 
upper three with approximately 40-foot lifts for use both for pur- 
poses of water power and navigation. In this the Chief of Engineers 
concurs. 

5. The second question relates to the plans presented for the con- 
sideration of the Board. Two plans were presented, one of which, 
for reasons given, it states should not have favorable consideration 
by the Government. The other plan, that of the Muscle Shoals 
Hydro-Electric Power Company, provides for the construction of 
three dams covering the greater portion of the section of the rivei 
under consideration, giving 6 feet over miter sills at low water, tht 
locks to be of same horizontal dimensions as those of the existing 
Muscle Shoals Canal. These dnms would drown out the existing 
Muscle shoals and Elk River shoals canals, but it is the opinion of 
the Board that if properly built and maintained the substitution 
would benefit navigation and could at the same time be utilized for 
water power purposes. The Board is, however, of the opinion 
that the plans presented do not provide sufficient strength to give 
such assurance of safety as to guarantee against the disaster which 
would result from the failure of any of these structures. And it 
appears that such plans must include four dams to cover the section 
or the river under discussion. 

6. The third question relates to the matter of cooperation as to 
expense, and asks what portion, if any, of the expense of the work 
should be borne by the United States. The Board expresses the 
opinion that no portion of the expense should be borne by the United 
States unless the plans of the company desiring permission to build 
the works shall be so modified as to give absolute assurance of safety 
from disastrous failure and provide locks of such dimensions as 
ihould conform to what Congress may decide to be sufficient for the 
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Tennessee River for all future time. When plaas are so modi Reel, 
the Board is of the opinion that the United States might F>car such 
portion of original construction as would be measured by the cost 
of completing the canal system between the head of Pattons Island 
and the head of Elk River shoals, the proposed work replacing the 
unexecuted portion of the approved Government project lH;tw<?cn 
these points. Such portion or the expense being practically the same 
as that of constructing the locks in the water power dams, the Mourd 
soiggests that the undertaking of the lock construction by the IJnit4*^l 
States might be a most satisfactorv division of the work. Such 
recommendation of the Board shoulJ be modified to include the four 
dams required, and the extension of the s:erlion of river from the 
head of Pattons Island to the Florence Railway bridge. 

7. The question of cooperation on the part of the Government is 
the most complicated of the propositions presented to the Hoard. 
In drawing conclusions as to such matter of criutribution in this 
special case the following points are worth v of c^insideration : 

The existing project for improving navfgation in thi?i wt^lion of 
the Tennessee River provides for lateral canal.H and op*tn-river chan- 
nel improvement, contemplating 5-ffKjt navigation. Hift KIk Kiver 
and Muscle shoaLs canals con-ritute part of -.uch proj<?ct. but much 
work remains to be done to give a .-:ati.-;faotory navigation over thf; 
section being considered. 

The completion of thL= project will -Ati.-.fy all exi.-.ting r*-/|ujr*;- 
ments of commerce and contiriue to do -.o "until -.uch tfrne a--, the 
general improvement of the Tennes.^;^^ River on a -/;aU commen- 
surate with a future possible through traffic. inclu^'Jing ^;/>al, i?, det/tr- 
mind on or provided for. All the traffic which car* i.ow r^ach thi;i 
isolated part of the river can Vat accommo^iatefj by rh^ M i-cl«T .Sh^KiU 
Canal and the present proj^^cred :r:iprov«>rrier.t-. r-f.nr.^-rtf'fi fher*:with. 
The proposed improvem^rr.i or. nhfr maLr^ nv^.r. whiii wo .Id t^\u\t^, 
fewer locks and f.imL^L lor.g •■\rfi:r* ;x^>i-.. -KOilrl TCiS^tfzr.Aiiy irnprovife 
navigation facilities ov^ir th:.-. --xr-*'-.:. '-J ihc: r.y^r ^ic.r: y^r,'i\r\ t',n/\-h 
an important link in a ge-r.^ni ^t* -'. i-'-i z^r/^^xx fr^r tr.e «::.?•.*•«: r.*>T. 
But until such extend'rdprri-'^ir .- f.-.yf'x: -..^r. ;jr. .rr.^r'fit^.rc.f'.T,*. for 
a limited section wo^ili \.-s ^y'*''''- *•' ''' ^* r.^^f:-.-;.--/ ^< v. \ . r.fv 
the Government in a-^Jopr^'if .* *" ''• ■ *.'-'< ^^ T'.::i '^ ar. - 7r!l:a^/-f 
expense in connecrior x,-.-. ,• ... :->r \:.'' v,r.':.>.^r. *:.^r. .< r<>;,r» 
sented by such arr;o«-.r.*- i- *'.- O^^.r-.-r.^^r.* ar.*.r.;.?jr^- >cr>:r. iri^ 
for completing tL-* «r.Tl-.r.r.i; ;.r'.,-rr •^.<,r.7 ..'.v, v/r. . >r^^V,r. v.*'/ 
sibly the con.Ttn:cr:cr. •.rv- .-..*..;? \f .'-.^.c- ^f ' .^,r. <.//- ^< »^'..': '^, 
required for an <*xrrr.:--: ..r.;."'- ;'",•"* 'l'.*'- v,r. :/ .-.ry.r. ^f ' .:-', 
prrjposed dam« in nr.*^ .r..i.r. - '•«..: :-^ •-'. -.•.* \'.,-- >:. vry 'Jt.'.-f ■ 
an<i necessitate ^-^ :>* .f *- »• ' c ^ -. : -x.*^,. -.■.'^ ..'.:-.- >-: ; -/ 
conditions it L; nor -> - -: . '.*- -> ,, ■ . -/,r- ;,.;, v. 
more than a riihvr.-.- f .•• ' ." '/ , '— -- :f ,« • -. . . 
destroyed- If. in ':.^. fr.-- »' '.- •- . -: vr-. --^ -.-, 
requiring greawr i#r'".»'.'. .•.':. i -^^ .« .'- -.- ^ 7 *r • . 
and other items '•-f -ri. • '.7 -," .. " .. :- • / ' .*■ . ^ 
sider the pool* f-^r-. ..■ .•": '.-■ • v- ' = «": :r - t «- 
extended pro^ecr ir..". r - ^ - - .- 
United States. 

8. The pr»cf»f^:r.(r :•'- '^ ••' u r , v^. ■, .r -v^*.- 

original coC"^r-;<*'.r>r. * ■. * ^- . .'•■: ,■ . « ./ ^ 






4 TENNESSEE BIVEB. 

by the Government of possibly $5,000,000, which amount must be 
provided or authorized before action, involving such cooperation, 
can be favorably acted upon. That is, provision must be made for 
completing any one of the proposed dams with necessary locks before 
the portion of the present canals to be drowned out can be aban- 
doned. 

9. The Board recites that any favorable action by the Government 
in this matter should include similar conditions to those found 
acceptable at Hales bar and other combined water power and navi- 

, gation propositions; and also the conditions considered in the gen- 
eral dam act, so far as they can be made applicable, including a re- 
version of properties to the United States at the end of ninety-nine 
years. Whether any further return to the United States in connec- 
tion with the uses of water in this case should have consideration is 
a matter for consideration by Congress. 

10. Further consideration will be given to the details of this propo- 
sition in connection with a report on a bill, H. R. 12673, Sixtieth 
Congress, first session, " For the purpose of improving the naviga- 
tion of the Tennessee Eiver over the Elk River shoals, and the Big 
and Little Muscle shoals, and for other purposes." 

Very respectfully, 

Smith S. Leach, 
Acting Chief of Engineers, 
The Secretary of War. 



REPORT OF A BOARD OP ENGINEERS OF EX^VMINATION OF THE 
PRESENT CONDITION OF THE UNITED STATES CANAL AND THE 
TENNESSEE RIVER FROM THE HEAD OF ELK RIVER SHOALS TO 
THE FLORENCE RAILWAY BRIDGE, ALA., WITH A VIEW TO IM- 
PROVEMENT BY PRIVATE OR CORPORATE AGENCY IN CONJUNC- 
TION WITH THE DEVELOPMENT OF WATER POWER. 

Chattanooga, Tenn., November 7, 1907, 
General: 1. The Board of Engineer officers appointed by Special 
Order No. 8, War Department, Office of the Chief of Engineers, 
March 9, 1907, having completed the work assigned to it, now has the 
honor to submit the following report, viz : 

2. The law authorizing the appointment of this Board is found in 
the river and harbor act of March 2, 1907, and provides that the Sec- 
retary of War may appoint a Board of Engineers, whose duty it shall 
be to examine the present condition of the United States canal and the 
Tennessee River from the head of the Elk River shoals to the 
Florence Railway bridge in the State of Alabama, wuth a view to 

Permitting the improvement of the above-described stretch of river 
y private or corporate agency, in conjunction with the development 
of water power by means of not more than three locks and dams; and 
the said Board may examine any plans presented by such agency, and 
shall report whether the same, if constructed, can, wiihout injury to 
navigation, or with advantage thereto, be used to develop water power 
and what portion, if any, of the expense of the work should be borne 
by the United States. 

3. In compliance with the aforementioned law and order the Board 
has examined the Tennessee River from the head of Elk River shoals 
to the Florence Railway bridge, and has held public hearings at 

rhich all parties at interest were afforded an opportunity to be heard ; 
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has examined aU plans which have been submitted by private or 
corporate agencies, and has given much study to the problems pre- 
sented. 

4. The section of river to be considered extends from the head of 
Browns Island about 11 miles below Decatur, Ala., to the Florence 
Eailwin^ bridge, a length of about 38 miles, in which length the river 
has a fell of 131.2 feet. The river is generally broad and shallow 
and contains many islands, and its bed is of limestone rock. The 
fall is not uniformly distributed throughout the length in question ; 
the greater portion of it being concentrated in a length of about 14 
miles, nearly midway of the section, and constituting that portion 
locally known as " Big Muscle shoals." The remaining portions 
nnder consideration were susceptible, in their natural condition, of 
a certain navigation; although such navigation was not unattended 
with difficulty and danger. The Big Muscle shoals was entirely 
unnavigable. The necessity for improving this portion of the river 
was very early recognized, and the United States has made two 
separate efforts to overcome this great obstruction to navigation. 

5. In the act of Congress of May 23, 1828, a grant was made to 
the State of Alabama of 400,000 acres of the public land, to be sold 
and the proceeds to be applied to the improvement of the naviga- 
tion of the Muscle shoals and the Colbert shoals in the Tennessee 
River; and it was provided that the plan of improvement should 
enibrace, if practicable, a connection with the navigation of Elk 
River. This trust was accepted by the State of Alabama ; the lands 
were selected and gradually sold, but those who had the improvement 
in charge, being impressed by the desirability of overcoming at 
once the insurmountable parts of the obstruction to navigjation, 
sought as early as 1831 the authority of Congress to limit their im- 
provement to the Big Muscle shoals, and this was granted in an act 
of February 12, 1831, which permitted the commissioners of the 
State to contract for and construct that part of the canal around the 
Muscle shoals beginning at Campbells Ferry and running up the 
river to Lambs Ferry, before contracting for or completing the re- 
maining portions. 

6. The original plan of improvement was prepared by the officers 
of the United States and was signed by the President. It contem- 
plated the construction of a lateral canal on the right bank of the 
river covering the entire section which the Board now has under 
consideration. The depth of the canal was to be 6 feet, its bottom 
width 42 feet, and the locks to be 120 feet long by 32 feet wide, with 
6 feet of water on sills. This canal was completed by the State of 
Alabama so as to cover the length of Big Muscle shoals, but it left 
unimproved a length of river both above and below the canal wherein 
the navigation was difficult, dangerous, and often impracticable. As 
a result the canal was not used for commercial purposes. A few 
boats passed through it under stress of great necessity or advantage; 
but no provision was made for the maintenance of the canal, and as 
the authorized tolls proved insufficient to take care of it, it fell into 
decay and soon became entirely unserviceable. The timber portions 
of the locks rotted out, the banks were breached in many places, and 
trees grew up over the right of way. 

7. £i 1873 Congress made provision for beginning the work of 
restoration or reconstruction or this canal under a project which had 
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been prepared to cover this same section which the Board has now 
under consideration. A larger canal than the first was proposed. 
The locks were to be 300 feet long and 70 feet wide; the canal 100 
feet wide on the bottom^ and the navigable depth to be 6 feet. In 
1877, however, with a view to reducing the cost, a modification of 
the plans was permitted which reduced the width of the locks to 60 
feet and the navigable depth to 5 feet, and which left out the por- 
tion below Campbells Ferry and provided for improving that section 
of the river locally known as " Little Muscle shoals " by regulation 
work. A modification was also authorized of the plan for the upper 
portion of the canal above Lambs Ferry, whereby there was to be 
substituted for the continuous canal on the right bank a short section 
of canal, with two locks^ on the left bank; the rest of the distance to 
be improved by regulation works. 

8. The average slope of the river from the lower end of the present 
canal to Florence is about 3 feet to the mile ; and it should be possible 
to secure by regulation a channel not less than 6 feet deep, in which 
the velocity of flow would not exceed 5 feet a second, and of a 
width which would be ample for navigation. With the help of the 
lift gained by the two locks in the short section on Ellc River shoals, 
similar results could there be obtained. But they have not yet been 
obtained; and the difficulties which steamboats encounter now in 

f)assing between Florence and Decatur are not found within the 
imits of the completed canal, but are upon the length of the river 
before the canal is reached and after it is left. At low water in the 
river there are depths on these sections considerably less than 8 feet; 
while the canal itself, except at its entrance and exit, affords a depth 
of not less than 5 feet. There has been no case of a steamboat which 
succeeded in entering the canal being imable to pass through it 
because of the difficulties that it offered to navigation. So that in 
considering this canal as an improvement of the section of river 
which the Board was required to inspect, it must be regarded as an 
unfinished work, covering the worst part of the obstruction but hardly 
touching the rest. 

9. A section of river like that in question can be improved for 
navigation in two ways : One is to pass it by a lateral canal, leaving 
the river undisturbed ; the other is to divide the slope up into a series 
of ponds or pools by means of dams, and to afford a passage from 
one pool to another by locks. Each of these methods of improve- 
ment has advantages and disadvantages of its own. Perhaps the 
best thing that can be said of a lateral canal is that* it is a safe 
method or improvement and one which is little likely to be injured 
by any natural causes. Presupposing that the embankments are high 
enough to keep the whole thing from being inundated in time of 
freshets, then the worst thing that can happen to it is that the em- 
bankment may be broken. If this happens, all of the water in one 
of the levels will escape into the river. The break will not be a 
very large one, because the volume in the level is not great enough 
to produce a very long or violent flow. When the water has all 
escaped, the break will be exposed and in a favorable condition for 
rapid repair, so that in a short time the canal can be put in service 
again; while in the case of a dam across the river itself, if a break 
oc<!urs the whole discharge of the river is behind it, and the result is 
usually the almost total destruction of the dam. The cost of repair 
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•would necessarily be very great, and the time required to make it 
•would be long; and during the period of construction all navigation 
•vi7ould be necessarily interrupted. But the lock and dam project 
presents the advantage that navigation between the locks is in large 
pools of ample depth, in which boats can move at full speed and with 
■llie maximum facility; while in the case of the lateral canal its nar- 
rowness, shallowness, and perhaps its crookedness, make navigation 
through it slow and tedious. Again, in the case of the lock dam, an 
increase in depth over the miter sill will result as the river rises; 
while the deptn is necessarily the same for all stages of the river in 
all the locks of the canal, except at the upper gate of the upstream 
lock and at the lower gate of tne downstream one. Again, a lateral 
canal does not lend itself to the development of water power, while 
an improvement by locks and dams may permit such development to 
the highest degree justified by the interests of navigation. 

10. Now the query is submitted to the Board as to whether this 
stretch of river can be improved by not more than three locks and 
dams. In order to test this, the Board has caused its secretary to 
prepare a preliminary study of the improvement of this reach by 
three locks and three dams. The result of this investigation is sub- 
mitted herewith. It is not designed as a working plan, but is simply 
a study which will develop the difficulties to be encountered and a 
possible means of solving them. 

11. Owing to the comparatively low site of the city of Florence, 
which is at or near the lower end of the proposed improvement, it is 
impracticable to make use of a high dam here without inundating a 
valuable portion of the city. If the three dams could be of equal 
height, they would still have to be more than 40 feet high ; but as the 
height of tne lower one, for the reason just stated, must be much less, 
the neight of the other two has to be greatly augmented. While it is 
undoubtedly possible to construct a lift lock with a lift of 40 feet, or 
even more, the Board is not prepared to give its unqualified indorse- 
ment of such a lock where it is to be used for the passage of the class 
of vessels used in the navigation of fresh-water rivers. In view of 
the height proposed for the dams and the lift of the locks, greater 
than that of any river lock known to the Board, and in view of the 
probable character of the rock in the bed of the river, which in places 
contains fissures, caves, and underground channels, the Board aesires 
to emphasize the importance of a thorough investigation and ex- 
ploration of the foundation at each site, in order to insure the sta- 
bility of the structures before any dams of such height are approved. 

12. Therefore the Board is of the opinion that it would not be to 
the advantage of navigation to attempt the improvement of the en- 
tire section described in the act of Congress first herein referred to by 
not to exceed three locks and three dams. A portion of it could'^un- 
doubtedly be so improved, and the whole or it could be advanta- 
geously improved by a greater number of dams than that mentioned 
m the law. 

13. These dams could be used for the development of water power, 
as well as for the improvement of navigation ; but the regulation or 
the flow of the river must be absolutely under the control of the 
United States, in order that the river below may not at any time have 
the flow unduly restricted nor be subject to sudden rises owing to ex- 
ceptional discharges at the dams. 
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14. Two plans have been submitted to the Board by private or 
corporate agencies for the development of water power at Muscle 
shoals. The first of these is submitted by the Muscle Shoals Power 
and Development Company. This plan provides for the construc- 
tion of a single dam only, which starts from the right bank of the 
Tennessee River near Lock Xo. 6 of the present Muscle Shoals Canal 
and extends obliquely across the river, having a length of 8,800 feet. 
Beyond this it is continued almost as much farther by means of an 
earthen embankment built upon a series of islands, j^elow this the 
dam unites with the left bank of the river, and it is here tJiat the 
installation is made for the development of power. This construc- 
tion would be of no advantage whatever to navigation. It provides 
no lock, and furnishes no navigable pool. It is a plan for the de- 
velopment of water power, pure and simple. It might, and probably 
would be, detrimental to the existing navigation of the river, because 
when the water was low and a large amount was being drawn to the 
power house, the present navigable channel below Lock No. 9 and 
thence to Florence would be robbed of a portion of the flow that nat- 
urally comes to it, and its present bad condition would be made much 
worse. The Board is therefore of the opinion that this plan ought 
not to be favorably considered by the Grovernment. 

15. The other plan is submitted by what is known as the Muscle 
Shoals Hydro-Electric Power Company. This provides for the 
construction of three dams along the section of river under consid- 
eration. The first dam, however — ^that is to say, the one farthest 
downstream — ^is not at or near the Florence Railway bridge, but nearly 
3 miles above it, at the head of Pattons Island, thus lea^^ng entirely 
unchanged and unimproved a corra^^ponding length of navigable 
channel, which is now in bad condition and which would be made 
much worse by the dam. The three dams cross the river practically 
at right angles, each about 40 feet in height, and divide the remaining 
portion of the section under consideration into three pools; but the 
plan will not aflFord 6-foot navigation throughout the lower pool 
without considerable rock excavation. 

16. Each of these dams is to be passed by a lock having 6 feet on 
the miter sill at ordinary low water in the river (that is to say, when 
the pools are full), and having the same horizontal dimensions as the 
existing locks of the Muscle Shoals Canal. Such an arrangement, if 
made and properly maintained, would be of advantage to navigation. 
The lower dam would improve a portion of Little Muscle shoals for 
a length of about 4 miles, upon which the present navigation is very 
bad. The upper dam would completely improve the navigation be- 
tween Lock yo. 1 and Lock B, where the navigation is now bad in 
places; and it would extend the pool up to the head of Browns 
Island, completely doing away with the Elk River shoal. The plan 
reduces the number of locks from 11 in the now partially completed 
lateral canal to 3, or from 15, which would be necessary in a complete 
lateral canal, to 3, and correspondingly diminishes the cost of opera- 
tion and care; but it would substitute locks of higher lift than have 
hitherto been tried in a river of this character for something that is 

^ried and known to be safe. It would afford only a foot more 
jle depth at ordinary low stages of water than now exists in 
Ually completed canal, and this additional foot could be easily 
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attained in the canal by raising the banks, lock walls, and lock gates 
at small cost. 

17. The present canal is safe. No very serious accident could take 
place in it, and nothing could happen which could not be quickly 
repaired. In case of an accident to one of the proposed three dams, 
however, navigation would be completely interrupted and probably 
could not be restored within a year, or perhaps even for a greater 
period. A company may ^arantee to maintain structures of this 
kind, but what redress would the Government have if the dam should 
break and the company fail? 

18. The dams proposed by the Muscle Shoals Hydro-Electric 
Power Company seem to be very closely designed. In view of the 
magnitude of the disaster that would result from the failure of any 
of these structures, it would seem that they should be sufficiently 
strengthened to give absolute assurance of safety. A failure of one 
of these dams would not only mean a large expenditure by the United 
States in its rebuilding, but also the loss of the use of the river for 
purposes of navi^tion for from one to two years. 

19. The Board is of the opinion that no portion of the expense of 
an improvement in strict accordance with the plans submitted by the 
Muscle Shoals Hydro-Electric Power Company should be borne by the 
United States. For reasons previously stated, their plans should be 
so modified as to strengthen the dams sufficiently to give an absolute 
assurance of safety from disastrous failure, and the depth and dimen- 
sions of the locks should conform to what Congress may decide to be 
sufficient for the Tennessee River for all future time. Were these 
plans so modified, then the Board is of opinion that the United States 
might properly bear such portion of the expense of the work as would 
be measured by the cost of completing the existing canal system be- 
tween the head of Pattons Island and the head of Elk River shoals. 
This is practicallv equal to the amount that it would probably cost 
to construct the locks needed for the proposed three dams, and it 
would possibly be a more satisfactory division of work and jurisdic- 
tion for the United States to assume the cost of construction of the 
locks and permit every other part of the works to be constructed by 
such private or corporate agency as might desire to develop the water 
power. 

To recapitulate : 

20. The Board has examined the present condition of the United 
States Canal and the Tennessee River as required by law, and finds 
that the stretch of river therein referred to can not advisably be im- 

[)roved by means of not more than three locks and dams, ana that at 
east four locks and dams would be necessary. 

21. By omitting the section of river from the Florence Railway 
bridge up to the head of Pattons Island, the Board finds that the 
remaining portion can be improved by private or corporate agency, 
in conjunction with the development oi water power, by means of not 
more than three locks and dams. 

22. The Board has examined all plans submitted, and disapproves 
the plan of the Muscle Shoals Power and Development Company. 
The plans of the Muscle Shoals Hydro-Electric Power Company are 
not without merit; but, in view of the magnitude of the disaster that 
would result from the failure of any of these works, the Board is of 
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opinion that the structures shown in these plans should be sufficiently 
strengthened to give absolute assurance of safety. 

28. Any authorization of plans of this character should be subject 
to their approval by the Secretary of War, in order that the above 
feature or the case may be properly safeguarded. 

24. The Board is further of opinion that works of this character, 
if made sufficiently strong, will oe advantageous to navigation and 
can be used to develop water power. 

25. The Board is of opinion that the United States might properly 
boar such portion of the expense of such works as would be measured 
by Uie cost of completing the existing canal system between the head 
of Pattons Island and the head of Elk River shoals; and that this is 
practically equal to the amount that it would probably cost to con- 
struct ttie locks needed for the proposed three dams. The cost of 
evory other part of the works should oe borne by such private or cor- 
pi^rate ag«»noy as might desire to develop the water power. 

96. Should such arrangement be made, it is further believed that 
the (Government would do well to impose similar conditions to those 
found acceptable at Hales bar. These conditions should include the 
iH^ntn>l of the flow by the United States^ the furnishing of free li^ht 
and pi>wer ft>r operatinsf the locks^ and the reversion of properties 
tt> the Uniteii States at the end of ninetv-nine years. 

3T» The horiJtt^ntal dimensions of t'he locks and the low-water 
depth on their jsills should be what Congress may wish to adopt for 
the ultimate imtm^vement of the Tennessee River. It will be very 
ditlioult and ex{^nsive^ if not impossible^ to change these dimensions 
lat^r. 

Very re8?i>ect fully ♦ 

Wm. T. ROSSELL, 

Litut Col^. Corps of Engineers. 

Liitut. A>/.* Corps of Enffine^rs. 
C a RiCHi^ 
}l^ik>r^ Corps of Engineers. 

Hknkt Jervet, 
M^k^r^ Corps of Engineers. 

J. R CATAXArGH, 

C*p4^fK Corps of Engineers. 
Fir^^ l.i^^S^ Corps of Engineers* 
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ADJECT FOR THE IMPROVEMENT OF THE TENNESSEE RIVER FROM THE 
HEAD OF ELK RIVER SHOALS TO THE FLORENCE RAILWAY BRIDQE. 

By W. G. Caples, 
First Lieutenant, Corps of Engineers, U. 8. Army. 
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rnOJECT OP LIEUTENANT CAPLES. 

United States Engineer Office, 
Chattanooga, Tenn,, September i, 1907, 
Colonel : 1. In compliance with your orders, I have the honor to submit the 
following project for the improvement of the Tennessee River between the head 
of Ells River shoals and the Florence Railway bridge. 

2. The problem presented by CJongress is to improve this section by not to 
exceed three locks and dams. As this seems hardly a desirable mode of im- 
provement, two alternative projects are submitted ; one for the Improvement by 
three locks and dams, two of which will be available for power development, and 
the other for the improvement by four or possibly five locks and four dams, three 
of which will be available for purposes of power development. As no mention 
is made of navigable depth, each project is figured both for 6 and for 9 feet 
navigable depth. For the reason that these works, if installed, will determine 
for a great period of time — practically for all time — ^the greatest navigable 
depth for which improvements will be made above these works, the improve- 
ments by four or five locks and four dams to provide a navigable depth of 9 
feet is favored. 

3. The extent of this section requires determination on account of its upper 
limit. The lower limit is definitely fixed by the Florence Railway bridge. 
There is, however, some difference of opinion as to what is the head of Elk 
River shoals. For purposes of division of appropriations this has been arbi- 
trarily considered as the gauge pier above Lrock A. The maps and a personal 
examination show that this division is purely one of convenience, as the 
Elk River shoals actually extend uninterrupted to the head of Browns Island. 
The head of Browns Island being the actual head of the shoals, this iK)int, 
ra'.her than an arbitrary point in the shoals, is taken as the head of Elk River 
shoals. Practically the same point was taken by Capt. William R. King in his 
project of 1877, and by Maj. Walter McFarland and Col. J. W. Barlow in the 
extent covered by their maps, which were to cover this section. 

4. This section of the river has a total length of about 38 miles and a total 
fall of 131.2 feet. Except for the section between Nances reef and Lock 1, and 
for the Bainbridge eddy, the river is very wide and shallow, full of islands, 
and quite swift. No gaugings have been taken of the flow over these shoals, 
but it is practically the same as at Rlverton, Ala., where extensive gaugings 
have been made. The lowest gauged flow at Riverton is 10,250 cubic feet per 
second. This ganging was made by Asst. Engineer G. W. Brown on October 8. 
1804 (a period of very low water), when the river was stationary and 1.0 foot 
below the zero of the gauge then in use. The highest flow gauged at Riverton 
was 372.120 cubic feet per second. This was the crest of a rise reading 40.0 
feet on the Riverton gauge, and was measured by Asst. Engineers G. T. Nelles 
and W. S. Winn on March 21, 1899. Extreme high water has been computed at 
508,000 cubic feet per second. High banks are comparatively close, except at 
the head and the foot of the improvement, and at the mouths of some creeks. 
The location and dimensions of works of improvement are limited by the 
necessity of preserving the city of Florence, Ala., from flood, and by the de- 
sirable preservation of the engineer shops at Lock 6, Muscle Shoals Canal. 

5. The requirement that the city of Florence shall not be inundated limits 
the lift of the first lock, which for both projects is set about 1,000 feet upstream 
of the Florence Railway bridge. The desideratum of preserving the Govern- 
ment shops at Lock 6 and the practicable height of lift limit the location of 
the second lock to the head of Patton Island, and its lift to about 40 feet, for 
both projects. The third dam is limited In location by the lift of the second. 
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In the case of the project for improvement by three locks and dams the lift of 
this lock is forced to be 831 feet. While this lift Is possible by means of 
bydraulic lift locks, it can scarcely be said to be desirable. It is an open 
<Iue8tion if the protection of the foundations of the dam could be accomplished. 
The guard walls would have to be greatly extended, and a number of other 
items would be unreasonably increased. In the case of the project for im- 
provement by four locks and dams, the lift of this lock would be limited to 
about 40 feet, to provide a suitable location for the fourth lock. The fourth 
lock, in turn, would hrfve its lift determined by the extent of the improvement. 
6. The determination of the dimensions of the locks and of the navigable 
depth depends upon the class of pros[)ective commerce. It is safe to say that 
the local commerce of the Tennessee River probably would never warrant an im- 
provement of the magnitude projected. We must then turn to its resources of 
prospective through commerce. These are as follows : 
(a) From the Elk River: Phosphate rock. 

ib) From the Clinch River: Coal, marble, iron, and zinc The Clinch River 
coal field is one of the great deposits of high-grade bituminous coal, 
(c) B*rom the Holston River : Marble. 
id) From the French Broad River : Marble. 

(e) From the Little Tennessee River: Slate. (However, this is of doubtful 
value.) 
(/) From the upper Tennessee River : Coal, iron, and marble. 
That these are not now shipped is due to the lack of improvement of the 
river, except in the case of the slate from the Little Tennessee, which appears 
to be of poor quality. 

An examination of the above shows that a large commerce in bulky products 
may be expected when the navigation of the river is made profitable by im- 
provements. The economical handling of these products requires large tows. 
From Hales bar up the navigable depth for which improvements will be made 
is being fixed, by that work, at 6 feet. Leaving out Muscle Shoals Canal, which 
will be eliminated by this improvement, there is nothing to set a depth below 
Hales bar. Colbert Shoals Canal provides for boats drawing 6 feet at extreme 
low water. At ordinary stages the depth available will be greater, and at the 
stages at which great fleets are shipped the boats will run in the open river 
and can draw 9 feet. The improvements now undertaken on the Ohio River 
indicate that in all probability 9 feet will eventually be the depth for which 
improvement is made, unless some great works limit the depth to less. There 
is no reason why 9 feet depth can not be obtained from Hales bar to the mouth 
of the Tennessee River. To encourage navigation it must be made profitable. 
The greater the tows that can be handled the more profitable will be the 
handling. If these works are installed on too small a scale, either they will 
have to be changed at very great expense or the commerce of the valley of the 
Tennessee will be unduly restricted. 

7. The above considerations have governed in the design of locks and in 
navigable depth. Six feet ai)pears to be the least depth on which mineral 
products can be profitably handled, and 9 feet would be much more desirable. 
Passage over the dams will never be possible. The works proposed will abso- 
lutely limit the navigability of the river. Therefore 9 feet navigable depth and 
large locks are favored. 

8. It would be impracticable to build locks large enough to pass an unbroken 
large tow. We have, then, to seek a mean between profitable lockage and 
practicable size of locks. The ordinary Ohio River coal barge is 135 feet by 
2S feet. The length of towboat to handle large tows of these barges may be 
taken at 300 feet. As the maximum tow, 03 barges are assumed. Three 
barges side by side have a width of 75 feet. Allowing 15 feet play, we have 
90 feet for the width of the lock chamber. Assuming that 9 barges are taken 
through with the towboat at one lockage, the length of tow locked will be 705 
feet. With the upper miter sill 10 feet wide below the gate and the chamber 
90 feet wide, the required distance between hollow quoins will be 765 feet. To 
this add 35 feet for safety in maneuvering the tow, and we have 800 feet for 
the length of the lock between hollow quoins. If we assume that the towboat 
handles the tow unaided, 7 lockages up and down at each lock must be made. 
The filling and emptying of the lock will require about forty minutes, opening 
and closing the gates ten minutes, moving into and out of the lock ten minutes, 
and making and breaking the tow at least fifteen minutes for each double lock- 
age, or eight and three-fourths hours for seven. This will require thirty-five hours 
plus the time of travel to pass through the four locks, or about thirty-nine 
hoars. This is really a minimum. Forty-eight hours would be a safer esti- 
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mate to put on the time. By making only one lockage of the main towboat 
and using two tenders the passage could be accomplished in thirty to thirty- 
six hours. 

The Tennessee coal field has an advantage of from to 300 miles over the 
Ohio coal field in distance to tidewater. Each hour required for lockage 
takes off about 6 to 8 miles of this advantage. These works, even at the best, 
would put the Tennessee coal field on about the same basis of distance from 
tide water in point of time. The locks could not very well be made larger on 
account of the great size of the gates and the difficulties of filling. Nor 
should they be made smaller, if it is desired to develop a mineral commerce 
in competition with that on the Ohio. 

9. The general design of the locks will be the same as used at Hales bar, 
Tennessee River, with some few modifications. The tilling and emptying will 
be by culverts extending the length of the lock, having openings into the lock 
and closed at each end by valves. There will be one culvert in the land wall 
and one culvert in the river wall. The gates will be of the type recommended 
by the Board on Deep Waterways. The upper guard wall will be solid to 10 
feet below low-water surface, except for a drift sluice at the lock. Below 10 
feet below the low-water surface arched openings will be placed to maintain 
the level on both sides, and thus prevent excessive draw through the drift 
sluice. The lower guard wall will extend well below the toe of the dam. 
Guide walls will be built on each end of the lock equal in length to the guard 
walls. The gates will be operated electrically. The guard of the lock will be 
such as to prevent the lock from ever being drowned out. 

10. The dams will be of the same type as used at Hales bar. The top 
width will be 5 feet for the Florence dam and 8 feet for the others. The back 
will be vertical. The front slope will be 71 horizontal to 10 feet vertical for 
the Florence dam, and 8i to 10 for the others, joining the base with an arc 
of a circle whose radius is 40 feet. The dams will be set 4 to 5 feet into solid 
rock, and, in the case of all lifts of 40 feet or over, will have an apron 300 feet 
wide by 6 feet thick, composed of derrick stone not less than 2 tons in weight 
closely bedded in- concrete. A tunnel will extend through the dam, and pipes 
will extend from the tunnel to the face of the dam to prevent the formation 
of a vacuum on the face. 

11. The abutments will be of the same elevation as the lock walls and will 
extend 200 feet upstream and 1,000 feet downstream of the toe of the dam, 
where the natural rock does not form a sufficiout abutment. 

12. Cyclopean concrete will be used throughout, except that the culverts and 
floor will be lined with vitrified brick. 

THE FLORENCE DAM. 

13. Location, — ^To provide for the safe passage of the drawbridge, the dam 
will have to be situated about 1,000 feet upstream of the Florence bridge. This 
bridge crosses the river approximately normal to the left chute and at approxi- 
mately 45* to the right chute. The lock should have its center line approxi- 
mately normal to the center line of the bridge. For reasons given later, this 
lock is located on the left bank. If, now, the whole dam be normal to the lock, 
it will cause excessive scour to the right bank. If, on the other hand, it be 
normal to the right bank it will throw the overfall into the lower entrance of 
the lock. Either is objectionable. An arched dam would put excessive strain 
on the river wall of the lock — if, indeed, it would not cause its failure. The 
solution offered is a broken back dam running from the left bank of Pattons 
Island normal to the left chute, thence to the right bank normal to the right 
chute. 

14. Height of crest. — Opposite the head of Pattons Island, the location of the 
second lock and dam of this series, rock occurs at elevation 403. To give 6 
feet at low water at this point will require the crest of tbe Florence dam to be 
at elevation 409. For safety It is taken at 409.7, or 13 feet above low water. 
For 9-foot navigation the crest is placed 3 feet higher. This is the preferable 
method, since the increase in height involves only the additional quantity of 
7,000 cubic yards of concrete; while the retention of the crest at elevation 409.7, 
— '*h rock excavation at the head to obtain a 9-foot channel, would involve 

100 cubic yards of rock excavation. At the prices taken for estimating, 
^g 20 per cent for contingencies, the advantages of the high dam are a 
)«t of $1,017,000, and safer, freer navigation. 

Fixed or movable dam. — ^The width of the river at this point is nearly 
eet, following the line of the dam, or about 2,700 feet, following the 
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dwrteat line. Rock occurs at elevations from 890 to 394. If a movable dam 
is used the sill of the navigation pass will be at elevation 892, and that of the 
weir at elevation 398. Assuming that a swell head of not over 0.5 foot be de- 
ilred (report of Major Lockwood, Ann. Rep., 1897, p. 2538 et seq.), to pass 
70,000 cubic feet per second (equivalent of a 10-foot stage on the Chattanooga 
gauge) will require a weir 1,6(X) feet long and a navigation pass 1,000 feet long. 
Od. account of the difficulty of maneuvering such great lengths of pass and weir, 
and on account of the great length of structure left exposed to the action of the 
heavy drift carried by this river, a movable dam scarcely appears suit- 
able. The chief land damage will be for the destruction of Pattons Island. 
This island will probably be so badly injured by the second dam of the series 
that it will have to be purchased in any case. This removes the chief objec- 
ti<m to the fixed dam, which is therefore adopted. 

1ft. Depth an crest, — For this determination we use the formula for weir 
discharge: 

; ML 8.03 

in which H=depth on crest ; 

Q=dlscharge in cubic feet per second; 

M=a coefficient, taken here as 0.38; 

L=length of crest, taken here at 2.000 feet 
The length of crest is assumed at 2,000 feet, allowing 200 feet for the pro- 
jection of the lock into the river and assuming that the poor approach to the 
dam through Pattons Island will be equivalent to a reduction in crest length 
of 600 feet. This is not strictly accurate, but the error is on the side of safety. 
We assume the discharge to be the same as at Riverton, which is practically 
tme. The extreme range at Riverton is 52.5 feet. The highest gauging is at 
40 feet. Values above 40 feet are interpolated. 

The following values of Q are taken in thousands of cubic feet per second 
tar the various stages on the Riverton gauge : 
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The extreme high-water discharge is that used by the Muscle Shoals Hydro- 
Electric Power Company in their computations, and is approximately correct 

The extreme fluctuation at Riverton (52.5 feet) corresponds to 32.6 feet at 
Ftorence, from which we have that 3.1 feet on the Florence gauge probably 
equal 6.0 feet on the Riverton gauge. The elevation of low water at Florence 
is 396.7, and of high water 429.3. 

Applying the formula, we have : 
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• In thousands of cubic foct per second. 

Ron. With the crest at elevation 400.7 the elevation of the upper pool will of coarse 

f 10 feet lower, and the dam will drown out at about the 31-foot stage on the Florence 
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From which we see that at extreme high water there will still be 2.46 feet 
fall over the dam. The remaining fall, however, will probably be less, as at 
high stages the bad approach over Fattens Island will have less effect. 

If the crest of the dam is placed at 409.7, to provide for 6-foot navigation 
only, the dam will be drowned out at about the 31-foot stage on the Florence 
gauge. This is probably accounted for by the contracted cross section of the 
river below Florence. At high water there is a depth in the two chutes natu- 
rally of about 39 feet, with 12 feet over Pattons Island. Below the Florence 
bridge the river narrows to 1,500 feet between banks, with a bluff on one side 
and bottoms on the other. These bottoms are submerged 10 to 12 feet at high 
water. This gives roughly the same cross section for discharge as at the 
Florence dam. 

17. Guard of locks, — ^The banks on the right chute are at about elevation 420, 
which will place them Just awash at a stage of about 10 feet at Florence. 
During the past eleven years this stage has been exceeded, on an average, 
forty-five days each year, the average number of times being 5. Data for the 
10, 18.6, 21.7, 24.8, and 27.9 foot stages are given in the following table : 

Numher and duration of given stages, 1896-1906. 
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A 31.9-foot stage has been reached but once in eleven years, and then for 
only part of a day. 

Allowing that the lock must be always available for use, since the higher 
stages are the ones on which large tows run, the elevation of the lock walls 
would have to be 430 for continuous navigation. This might be very rarely 
drowned out for a few hours, but for all practical purposes the lock can be 
considered as always open to navigation. If there is no objection to the locks 
being occasionally out of use, it is evident from the above that this elevation 
may be reduced 4 feet. 

18. Choice of hank. — The right chute Is used at present, and the town of 
Florence has access to this channel. The channel curves In such a manner 
that it Is crossed by the Florence bridge at an angle of about 45°, thus mate- 
rially reducing the effective clearance in the draw span of the bridge. The 
total clearance Is 184 feet, while the effective clearance Is only 130 feet. 
Handling a boat through this span requires no little skill, and is somewhat 
dangerous. At low stages the clearance is still further reduced, until probably 
not over 80 feet are available for boats. The handling of boats and large tows 
through this draw would be a matter of excessive danger. 

On the left bank the direction of banks and flow are about at right angles 
to the bridge. The left bank has much better approaches for a lock, and Is 
the one preferable for use. The objection to locating the lock on this bank 
Is that there would remain no natural channel from the upper pool to the right 
bank. The second dam of the series crosses the head of Pattons Island, and 
the Florence dam crosses the lower end of the same Island. At the lower end 
the Island will have to be cut away to bed rock to allow the water to get to 
the dam, and at the upper end the Island will be entirely eroded by the wash 
from the second dam of the series. Neither of these chutes could be used as 
• boat channel, for obvious reasons. Between them the island forms a coin- 
« bar to crossing. 

►w the Florence bridge Is the town wharf, and this would be available 
"^ght if the right chute were closed. Of course it would necessitate 
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teaming all freight carried by water, but this is purely a local disadvantage, 
ud not comparable with the greater disadvantage of having to take large tows 
through the draw span. 

It appears better to place the lock on the left bank and to require new 
draws to be placed in the bridge next to that bank. 

19. Access to city of Florence. — As stated in the preceding paragraph, this 
can be had by teaming to the wharf below the Florence bridge. This, however, 
will not permit of the reduction in freight rates which would ensue from direct 
witer transportation. Below the Florence bridge the bottoms are too low to 
permit of manufacturing sites, while above the bridge there are some high 
banks which would form excellent locations for new industries which will un- 
doubtedly follow the develoi)ment of cheap power. Access to these may be a 
matter of sufficient Importance to merit the consideration of the Board. 

It can be had by either of two methods; first, by dredging a channel across 
PattoniT Island aboat 7,000 feet below the second dam of the series ; second, by 
placing a small lock, about 300 by 60 feet, in the right chute. The first method 
ii open to the objection that it involves a channel crossing the direction of 
flow, and consequently expensive to maintain and difficult to navigate. The 
second method is open to the objection of great first cost and probable con- 
siderable cost of maintenance. From the standpoint of navigability the second 
method is favored. Both plans are, however, presented for the consideration of 
tlie Board. 

22. Conclusion of premises. — 

(a) Lock located on left bank. 

(b) Top of lock walls at elevation 430. 

(c) Fixed dam; crest at 400.7 for 6-foot navigation or at 412.7 for 0-foot 
navigation. 

(d) Access to city of Florence by lock In right chute, in case the Board con- 
alders this necessary. 

23. Cross sections of main lock walls. — The base of the wall is assumed in all 
cases to be at elevation 390, top at 430 ; height 40 feet. The worst case for the 
river curtain wall Is with water inside at elevation 427 and the water outside 
at elevation 418, say 416 for safety. The overturning moment of this pressure 
l8 345,000 foot-pounds. The cross section of a wall 24 feet on the base, 6 feet 

00 top, and 40 feet high Is 600 square feet. Its weight at 140 pounds per cubic 
foot is 84,000 pounds. Its lever arm about the outer toe Is 15.6 feet, giving a 
resisting moment of 1,310,000 foot-pounds and a factor of safety of 3.8. 

The worst case of the land curtain wall is with the earth behind It level with 
the top and the water In the lock chamber drawn off. Assuming the weight of 

1 cubic foot of earth as 100 pounds, the moment from the horizontal pressure is 
305,000 foot-pounds. The lever arm of a wall of cross section similar to the 
river curtain wall is 8.4 feet, and Its resisting moment Is 705,000 foot-pounds, 
giving a factor of safety of 2.3, neglecting the vertical pressure of the earth. If 
this be considered, the factor of safety Increases to 3.7. 

For the buttresses the lower river buttress will be taken, as It Is the critical 
one, and the others will be assumed to be of the same cross s<K»tion. The worst 
case is with the water Inside at elevation 427 and the water outside at ele- 
vation 416 (as foimd for land curtain wall). It will be assumed that 25 feet 
of wall takes all the gate thrust, half upstream and half downstream of the 
sill. The 121 f^<?t upstream supports also the net water pressure. The moment 
of the transverse component of the gate thrust on a gate 48 feet In length Is 
24,709,000 foot-pounds. The 12* feet upstream each take 988,360 foot-pounds; 
to which must be added the net overturning moment of the water, 345.()()0 foot- 
pounds, making a total of 1,333,360 foot-rwunds. We assume a wall 24 feet 
wide on top and 36 feet wide on the base. The cross section of this wall Is 
1,200 square feet, and the weight per running foot Is 168,000 pounds. Its mo- 
ment against overturning Is 3,578,400 foot-i)ounds. giving a factor of safet>* of 
2.7 for the most unfavoiabl<» case and 3.0 for the average case. It will be 
observed that In figuring the thrust of the gates an error on the side of safety 
was made in not taking into account the hack pressure on the gates of the 
water in the lower ix)ol. The actual factor of safety will considerably exceed 
that given (4.43 for the average case). The quantities of concrete omitted In 
the culverts are considered to be counter balanced by the quantities in the lift 
and coffer walls, for purposes of computation. 2so estimate is made, there- 
fore, for the lift and coffer walls. 

H. Doc. 781, 60-1 2 
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21. Oro88 ieciion of dam, — ^Tbe dimensioiis taken are as follo¥rs: For 6-foot 
fnvU'ntlon (crent at eleration 409.7), the top width will be 6 feet, slope of 
fnnit 71 horiasontal to 10 rertlcal. Joining the base by an arc, tbe radios of 
wlilch is 20 feet The maximum net overturning moment will be 126,000 fbot- 
IHHiiuls. The resisting moment, neglecting the water pressure on the sorftice, 
will be 303,000 foot-ponnds per running foot oi; dam, giving a factor of safety 
of 3.12. For 9-foot navigation the crest will be at elevation 412.7, and the top 
wlilth, front slope, and connecting arc will be the same as above. The maxi- 
iiiiiin net overturning moment of the water will be 200,250 foot-pounds, and the 
i\9\ reBlRtlng moment of the dam will be 573340 foot-pounds per running fbot 
of (In III, giving a factor of safety of 2.86. If we consider the pressure of the 
Wfltpr on the crest and face of the dam the factor of safety will exceed 3. 

an. (Umarete in lock and dam, — ^The concrete involved in this construction is 
flw follows: 

Ciibic yards. 

4 iMftf reuses _. 16, 700 

2 cMirfnln wslls 31,600 

iUiU\(* flfid guard walls 40,900 

WItiK wwlls 13,500 

tmtu 29,200 

T/rfal 131. 900 

Thlw f» bfl«*^ on the following dimensions: 

HuUrtmMm W) by 29 feet on top, 114 by 41 feet on bottom, and having gate 
f N'MMH'Oi t4t by 5 feet ; all by 40 feet vertical. 

iUitinUt walls, 710 feet long between buttresses, 6 feet on top, 24 feet od 
|i*rf»imi, 40 feet high. 

hn\iit* sffd guard walls of the same section as curtain walls. Lower guide 
MOil uunrd walls 200 feet long; upper guide and guard walls 800 feet long. 
\h hiUtwnnrti of 20 per cent reduction in section of the upper guard wall is 
ihfU^h In roffi{»enMate for the arched openings. 

W\hU wnWn of the same section as curtain walls. Each return 300 feet long 
U* ImrU iff ftlK 

fiMMi of the section given for 9-foot navigation. For 6-foot navigation this 
InIh'^m 7,0^)^) cubic yards. 

'lUnrn^ ijufltitltU>s in the lock may be reiluced by allowing the lock to flood 
MHf Nf tlm hlghor stages and by reducing the factors of safety. The head bay 
Ui^n ii<«f<ti made of practically tbe same dimensions as the chamber, and the 
iMi) liny of such dimensions as will protect the boats for a space of 1,000 feet 
hf.JMW fhf* dam. It may be possible to reduce these by giving less ease and 
0i»f»i|y lo navigation. Guard piers may be used above the lock, but they are 
fff'l mi \hhh\ as the solid wall above the level of the keels of boats, on account 
fif Dill draw through them. (It is admitted that there are some promin^it 
MilvoriitiH* of guard piers, but preference is given to the other side of the 
HrtfiiMKmt.) 

^riM< main object entertained in the whole design has been rather to give 
!!»♦* vi»ry best construction than to try to economize on certain details, which 
NiiiilKMiiHl saving might later be found to be false economy. 

^i. Abutment and earth dam, — The banks on the Florence side are below 

III** f«l«vatlon of high water, which requires an earth dam beyond the abut- 

\\\m\\. This earth dam must be above any possible high water, and its river 

Mlft niiiNt be protected against any possible erosion. Provision must be made 

MifMtliNt any i>ossible leaks or seepage through the earth dam, and its slopes 

flMINt bo safe against slipping even when saturated. This is best attained by 

WM mirtii dam with its crest at elevation 440 (7.5 feet above the highest re- 

'*it|'r|i«<l water), with a top width of 24 feet and side slopes of 1 vertical to 

4 ftorlKohtal; protected in the center with a core wall to bed rock and at the 

9*1 Vdr 4)n<l by the abutment. The side sloi)es may appear unnecessarily fiat. 

'M Miipport of the flat slopes may be offered the fact that the original plans 

*** •'lilw bnr called for slopes of 1 on 2 and were later changed to 1 on 4. 

*.er slot)e offers a greater security against sliding, against seepage, and 

•^slblo erosion. With this slope, except at the river end, no pro- 

w than liermuda grass will be required, while the steeper slope 

^prapi)ed for safety. The first block of the core wall next the 

uld be made monolithic with the abutment to prevent any seepage 

ck face of the abutment. At the higher stages the water above 
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the dam will flow along its face and have a tendency to scour out just behind 
tlie abatment On the lower face the water will, by spreading out, tend to 
litye the same effect. This is guarded against by paving the slopes for 300 
feet back of the abutment. The whole earth dam will be planted in Bermuda 



The abutmoit will commence at the upper end of the earth slope, and will 
oonform in elevation to the cross section of the earth dam and act both as a 
protection and as a retaining wall. Below the earth dam the abutment will 
extend for 300 feet at the elevation of the top of the natural bank. In the 
ereot that a lock is placed on the Florence bank, this abutment and core wall, 
with an increase in thickness at the buttress, will serve for the upper guide wall, 
bottress, and part of the land curtain wall. The abutment will be 6 feet on top, 
with base six-tenths of its height, and will Involve about 10,000 cubic yards of 
concrete, while the core wall will require about 12,000 cubic yards. 

27. Cofferdams, — For the lock and upper guard and guide walls a longitudi- 
nal coffer 2,000 feet long and three cross coffers, each 200 feet long, will be re- 
quired. It is assumed that the land will act as one side of the coffer. For 
ie dam, two cofferdams each 2,500 feet long will be required. For the abut- 
ment a longitudinal coffer 600 feet long and two cross coffers 50 feet long each 
will be necessary. In all, 8,300 linear feet of cofferdam will be necessary. The 
most suitable cofferdam, from experience on this river and on the Cumberland, 
has been found to be the crib type. Each cofferdam would consist of triple 
cribs of 8 by 8 inch timbers, or suitable round timber, spaced 10 feet centers. 
The Inner and outer cribs would be filled with stone, and the center crib with 
clay or gravel covered with stone. A common mistake among contractors has 
beoi the building of cofferdams too low. For safety these should be made about 
20 feet high — ^that Is, to elevation 410, or enough to keep out a rise of 13 feet on 
the Florence gauge. 

28. Earth and gravel excavation, — These quantities are very roughly estl- 
nated, as there Is no detailed survey to serve as a guide. From the best avall- 
tble data they are estimated as follows : 

Cubic yards. 

Lock 14,000 

Lower approach 25, 000 

Abntment 6, 000 

Core wall 30, 000 

Dam 112,000 

Total 187, 000 

29. Bock excavation. — ^As in the preceding paragraph, the quantities are 
Becessarlly very roughly estimated: 

Coble yaids. 

Lock 14,000 

Lower approach 3, 000 

Abutment 3, 000 

Core wall 6, 000 

Dam 3, 000 

Total 29, 000 

30. Backfill and earth dam. — Again the lack of a detailed survey causes the 
estimate to be approximate only: 

Cubic yards. 

BSarth dam 248, 000 

From this should be deducted 36,000 cubic yards from the core wall and 
abutment excavation, leaving 212,000 cubic yards to be paid for. 

31. Paving. — The terrepleln of the lock, the bank below the lock to elevation 
435 for a distance of 500 feet, both slopes of the earth dam for a distance of 300 
lieet along the core wall from the abutment, and the banks on the abutment 
tfde to the top of the natural bank for a distance of 1,100 feet should be paved 
with a hand-laid paving. When first laid the joints should be chinked with 
ttmll stones. Several years later, when settlement is complete, the joints 
dMNild be grouted. As this grouting will come under "operation and care" 
latbor than under construction, no estimate is made for it. The amount of 
JMTing is estimated at 84,000 square yards. 
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32. Land, — The following land (scaled from the map and taken from reports 
of surveys) will be overflowed : 





G-foot 
navi- 
gation. 


9-foot 
navi- 
gation. 


IslandH 

Bight bank- 

Left bank - - 


Acres. 
461 
90 
85 


Acres. 
461 
99 
38 


Total -- 


• 586 


506 



As the United States will no doubt have to settle some damages for lands 
made more often subject to overflow, and possibly others, it is considered 
advisable in estimating to flatly increase the amounts in each case to 800 acres. 

33. Lock houses, — No plans have been drawn for these, and a flat estimate of 
^10,000 is made to cover this item. 

34. Operating machinery, — No plans have been drawn for this, as the time 
at hand would not permit. The machinery at Hales bar will serve as a good 
guide. This will cost complete $15,000. Allowing 33^ per cent for probable in- 
crease in the cost of steel and machinery, $20,000 is estimated for the machinery 
of the Florence lock. 

35. Lock gates, — The time, at hand would not permit the preparation of de- 
tailed plans. Recourse is had, for purposes of estimation, to the cost of other 
large gates recently installed. The upper gates at Hales bar are 25 feet high 
and each leaf is 36 feet wide. The cost was about $14,000. The upper gates 
at the Florence lock will be 27 feet high and each leaf will be 48 feet wide. On 
the same basis the upper gates at the Florence lock would cost $31,500 and the 
lower gates, which are 40 feet high, would cost $78,500; a total for both sets 
of gates of $110,000. If we allow one-third increase in the price of steel, this 
amount becomes $147,000. 

36. Cost complete, icithout access to city of Florence — 

Concrete, 155,000 cubic yards, at $7 $1,085,000 

Cofl'erdam, 8,300 linear feet, at $22 182,600 

Earth excavation, 187,000 cubic yards, at $0.75 147, 750 

Rock excavation, 20,000 cubic yards, at $3 87,000 

Earth flU, 212,000 cubic yards, at $0.75 150,000 

Paving, 84,000 square yards, at $2 168. 000 

Land, 800 acres, at $100 80,000 

Lock houses 10. 000 

Machinery 20, 000 

Gates 147, 000 

2, 086. 350 
CJontingencies, etc., 20 per cent 417, 270 

Estimated total cost 9-foot navigation 2,503,620 

If 6-foot navigation is adopted, this may be reduced by $150,000 saving on 
land, gates, and dam, making for 6-foot navigation a cost of about $2,353,620. 

38. Access to city of Florence, first method. — This plan involves the cutting 

of a channel through Pattons Island near the mouth of Sweetwater Creek, about 

7,000 feet below the second dam of the series. The general elevation of Pattons 

Island at this point is about reference 419. The elevation of low water for 

9-foot navigation is 413.8. A 6-foot channel would then require excavation to 

reference 407. Assuming a channel 200 feet wide on the l)ottom (to allow for 

disadvantage of crossing direction of flow), with side slopes of 1 on 2 and a 

length of 4,000 feet, we find that It will Involve about 400.000 cubic yards of 

" 'edging. This channel is directly across the current, and it Is believed that it 

"iontinue to fill up and require redredglng until the entire head of Pattons 

^ has been washed away by the second dam of the series. A channel of 

Ills length cut obliquely, as shown, would probably save its cost In maln- 

This work Is straight dredging and could be done best by hired labor. 

It of about 15 cents i)er cubic yard. The short channel would cost 

ind the long channel $120,000 for first installation. 
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38. Access to dty of Florence, second method, — ^This would be by using the 
abntment in the project for the upper guard wall, the upper land buttress, and 
a portion of the land curtain wall (of course strengthening the wall at the 
buttress), and constructing a smaller lock to pass vessels into the right chute. 
Clear passage over Fattens Island for t>oats drawing 6 feet or less can be had 
at the 19.0-foot stage on the Florence gauge. For safety the lock walls should 
just permit of passage at the 21.7-foot stage. Since no large tows will pass 
through the lock, its chamber need not be any greater than those now in use at 
Hnscle Shoals Canal (300 feet by 60 feet). The construction of such a lock 
will involve the following additional expense: 

Paving, 7,000 square yards, at $2 $14,000 

Concrete, 30,000 cubic yards, at $7 210, 000 

Rock excavation, 3,500 cubic yards, at $3 10, 500 

Cofferdam, 800 running feet, at $22 17,600 

Back fill, 40,000 cubic yards, at $0.75 30,000 

Lock houses - 10, 000 

Lower gates 20, 000 

Machinery 1, 900 

314,000 
Contingencies, etc., 20 per cent 62,800 

Total estimated cost 376,800 

No allowance is made for upper gates and a very small allowance is made for 
machinery, as they can be brought from the locks at Muscle Shoals Canal, 
which will be drowned out. 

39. Summary. — Of the two methods of access to the city of Florence the lock 
method is favored for the reason that it is better and that the cost of the 
dredged channel will probably be as great in the long run, on account of the 
great cost of maintenance. The total project for 9-foot navigation is, then, 
estimated at $2,880,420. The saving for reduction of navigable depth to 6 feet 
la 80 slight in comparison with the whole that it scarcely seems worth the mak- 
hig, when we consider that these works are to limit the navigability of one 
of our great rivers for practically all future time. 

The charge of extravagance may be brought against this design, but when 
we consider that these works will provide amply for all navigation that can 
be foreseen, and will probably relieve the United States of ever having to tear 
them out and build larger, the cost is not excessive for the results desired and 
will more than likely prove true economy in the end. This is borne out by the 
fact that the increase in size of works of navigation on this river has not been 
able to keep pace with the increased demands of navigation. 

LOCK AND DAM AT HEAD OF PATTONS ISLAND. 

40. Location, — It is assumed that the location will be that proposed by the 
Muscle Shoals Hydro-Electric Company. This company has made investiga- 
tions as to foundations which we have not. Their location is probably better 
than we could obtain without a special survey. The lock is located on the 
left bank. This location is forced by the location of the main lock at the 
Florence dam, and by the fact that Pattons Island will divide the upper pool 
of this dam into two pools. 

41. Height of crest of dam. — This, for 6-foot navigation, is taken at eleva- 
tion 452.5, as in the plans of the Muscle Shoals Hydro-Electric Power Company. 
For 9-foot navigation it is taken as elevation 455.5. The lift in either case is 
42.8 feet. At extreme low water all the flow will be passed through the 
power house, leaving the surface of the water jnst level with the crest of the 
dam. This places the low water level 3.0 feet (for 0-foot navigation) aJ)ove 
the upper level of Ix)ck 7, Muscle Shoals Canal, neglecting the slope of the pool. 

42. Effect on United States grounds at Lock 6. — If the length of the crest 
be assumed as 3.355 feet, allowing for space occupied by the power house and 
the lock, the depth on the crest at high water will be 13.8 feet, making the 
elevation of the surface at high water 460.3 for 9-foot navigation and 466.3 for 
G-foot navigation. The corresponding low- water elevations are 455.5 and 452.5, 
respectively. 
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Uslug Poiree*8 backwater formula: 

D = H + L-to+-^* 

in which D = new depth at point considered ; 

H = increased depth at dam ; 

L = original depth at point considered, and also at dam, since depC::^ 
is considered uniform: 

iv = total fall in distance considered ; 
from which we have: 

Backwater = ™ 5 

we obtain the following elevations of low and high water at Lock 6: 

6-foot Tk»wi- 9-foot ii«tI- — 
I ffmtlon. gmtloQ. 



Low water^ 
Hicfa wat^r. 



I 
45«.7 ' 468.7 - 

47S.7 , «79.t 4 



It seems reasonable to cast considerable doubt on the conclusions drawn 
ftom the use of this formula, since it indicates a fall of about 11 feet in the 
ffeool at extreme low water. This is tlie equivalent of saying that at extreme low 
water we shall have a slope of 1.7 f^t per mile in the upper pool, which Is not 
borne oat by observed slopes in similar pools. Nor is it reasonable to suppose; 
for* let US assume that 2 feet of this fall is at the dam and the remaining 9 ftet 
uniformly distributed over the pool. We have then a surface slope of 1.4 feet 
per mile. The width at Resting Island is ^000 feet approximately, and the 
deiKli. fr\^m this formula, wimld be about 20 feet. Let us assume that the co- 
efficient of n>ughne$$ is equal to 0.03 (probably greater than actnaUy exists). 

Take tlie Cheay formula : 

V = V RSs 
in which Y = velocity : 

O = a coetKctent : 
R = h\draulic mean radius: 
S = slo^^. 
B-: V = ^ »fiv»w» 

A • arva of crvHSs sevtioa » : and R = aiH^roxiniately D (mean depth) ; 
wh^vv Q = AC\ D$. 

I'sL'uT^ n = iV»>S • very hi^ value » . we have C = S2 -r. 
By hypotheeisv A = 12»X0Oi>: 
D = 20: 

Whecivv Q = 7»>?s'AX» cibk' ftvc jvr $»evvQ^l. which 'iidicatesi the values obtained 
by the IVirve f^.Ttnuta to be wp.^ti^. :?invv the low^water tlow d'.^e?? not exceed 

Nor i* th':*^ !U'x*?i •-CL!:D.n>:>i if w^ ilS5^^:aL;e al* bur the upper 10 feet of water to 
be a *roraie rv:<*:T^'jir uot rjL :r:*.^tv.>t: : wtk'h wouM ^,ve a volume flowing of 
:2^'>X> oubx* ?wc tvr <eo.»c.l. tVr se«,'C»as where R b? axeater the dLscreinncy 
be^vmeij ^crearer. 

Si'-uilariy for b\ih wa:er. the r»^f^ft>^ !?r».*::i» Toirve's f'.>raiuTa w>uld indicate a 
iK»w syi S^XX'XV vTUbivr fwc ^»er seo-»t:ijL wbecvtt< tbe aofia: :!«'w is aboat 50S.(^>0 
ctibk* feet t'er sevxid. 

The re»*u!ts i.^car*^ by ihe Chezy forui';:a '.■idlcare that In each case the re- 
sults %»btalned t»y tbe IViree tvrm-i'-d. are u:uc?i t^x* y:reat. Assimln^ low-water 
t!^>w - IO.»XX* cubic ifeec ver :5ec»*ad. a*jd woriLrj;;^ I>aciwani fom the Cbexy 

formula, we Hav*? s = iKl\^ * wliich >2dxtJ'<es tha: r'ae slope wi:i be (Mirtien- 

larly iiiL A^lu. ajswrmiiti? hi^h-wa:er :!•.'»- - .M<\>X» oubic feec per second. 

aud woritltr^ backward :^>m ilie Che-^y iVrLM^jLa. we liave S = -- -^ which 

.A»rres|.vuiJs v^ry ueariy ro a ^aci wa:\rr 'i < fwr. The l^^vch .m the creec at 
this sta^ w'l' be v>vvr v^ fvvr tuaiiii;: a o.'Ca* >*tc?vwa:yr -f li fi?%>c. 

Vbe cjoct^jsiou :<ee<iis :ue^ iraiJe '^a: we ."aa ri»»c :.'re«!x*t witli any lieisree 
oi cectainnf rije eiTevcs oi the backwater. The irue value*^ vr».?bably lie some- 
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where between those which would be deduced by the Poiree formula and those 
indicated by the results from the Chezy formula. We know that backwater 
does exist. It may be that the reservoir action of the pool affects the applica; 
tlon of the Chezy formula ; and, since there is an undoubted movement of all 
the water in the pool, that the reservoir action may have an effect equivalent 
t« an extraordinarily high value of the coefficient of roughness. There are not 
enough data, however, to determine what value should be assumed for the 
coeflicient of roughness in Kutter's formula to check the results of the Poiree 
formula by that of Chezy. 

We may, at least, safely say that no greater damage will occur than is indi- 
cated by the results of the application of the Poiree formula. These indicate 
tliat high water at Lock 6 will be at elevation 479. The upper pool of Lock 6 
Is at elevation 465.47. High water will then be 13.53 feet above the upper pool 
of Lock 6. This will flood out the present shop and dry dock and the low 
ground, but will not affect the high ground at the lock. 

This requires the removal of the shops and dry dock to higher ground. The 
present shop arrangement is not good, and it will really be advantageous to 
MxoYe the shops. Excellent locations for them exist on the high ground Just 
labove Lock 6. This high ground is crossed by a small ravine which form^ a 
natural location for a dry dock. The following arrangement can be made, from 
upstream down : (1) timber yard; (2) sawmill; (3) dry kiln; (4) wood-work- 
ing shop; (5) lumber store yard; (6) shipyard; (7) dry dock; (8) shipyard; 
<9) machine shops; (10) machine storehouse ; (11) foundry; (12) scrapyard; 
mo that every piece when finished would be nearest its point of use. 

The water power which now operates the sawmill and wood-working shop 
^would be destroyed. 

The most expensive single item of the change will be the new dry dock. The 
flood range will be 23.5 feet. If we allow 9 feet on the miter sill and 5.5 feet 
tn height of gates for safety, the gates will be 38 feet high and cost about 
$85,(X)0. Pumping and operating machinery and valves would be required, as 
well as the construction of dock. The total is estimated at $175,000. Allowing 
$125,000 for the rebuilding of the shops and all other damages, the necessary 
changes will amount to $300,000. 

43. The Dam, — ^The average elevation of rock is about 404.5 along the line of 
the dam. The natural rock is a hard, flinty limestone, which will probably 
offer considerable resistance to the scouring action of the wave below the toe. 
The native limestone used in the culverts at Muscle Shoals Canal has abraded 
considerably under the comparatively low heads and clear water of the canal. 
While the rock found at the site of the dam i« reported as being a better 
resistant to abrasion, it seems best to proceed cautiously in placing a dam with 
40 feet overfall on a limestone foundation. If the water were to strike with 
its full force, each cubic foot would give an impact greater than 1 foot-ton. 
Some of this will no doubt be lost on account of the shape of the dam and on 
accoant of friction ajrainst the dam. At the Spier Falls dam on the Hudson, 
which has a lift of 40 feet, 3 feet on the crest give 1 foot on the apron, and a 
great deal of the water is churned into spray. Under these conditions the 
native rock may offer sufficient resistance. On the other hand, the Tennessee 
River carries much coarse material, and every crack, seam, and crevice below 
the dam will be thoroughly searched by the scouring action. If any weak place 
1« found, the attack may result in a repetition of the conditions which caused 
the failure of the Austin dam. In the absence of special tests to determine the 
resistance of the natural bed rock, it seems only reasonable to provide for 
•a extensive apron below the dam. 

This apron is made of large blocks of granite closely bedded in concrete. To 

provide against these stones being carried out if the concrete around them 

erodes to any marked extent, no stone weighing less than 2 tons should be 

nsed. To insure covering the entire width of the wave below the dam, the 

ftpron is made 300 feet wide. Repairs to this apron will be very difficult to 

ttiake, and possible of ex(H?ntion only at very low stages. The Tennessee carries 

large quantities of heavy drift, which will attack the apron. There are 

histances on record where this action has been carried on until holes 2 feet 

Ui depth were made in solid concrete. To provide against this the apron 

i« given a maximum thickness of 6 feet and a minimum thickness of 2 feet. 

^e apron should not be set on a poor foundation. To provide for a good 

foundation — in the absence of definite data— the apron is set 2 feet into the 

tlativo bed rcK'k. Tlu* ai»ron is marie i> feet thick at the dam and 2 feet thick 

^t its downstream edge, with a uniform slope to Its top surface. 
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Two dams are fignred for the consideraripn of the Board : One with its cre^ 
at eleration 452J5 for 6-foot nairigatioii and the other with its crest at 45 5 — - J5 
for 9-foot navigation. The frcnt slope is made S^ rertical to 10 horixoDtal« ^^rto 
give a high factor of safety. 

44. Cnlculationt for dam, S-foot nariffction. — Using the formula for w^Ei-islr 
diseliarge: 

L M S.03 

and takiosT Q as gifen beln^. i^ equal to 3.355 feet at eleration 452j5, and 2^11 M 
eQnal to f*37, we deduce the following table : 



\ 



^ CMlcnlAUd Overturning moment. „ , 

Stage on Inttfipolated ^T;,7hi* — Xetorw- 

R.^rence Diachaxge.* eJev*iion of ^^"Ji?^? r-^^e. i^^^r taking, 

piuge. lower pool. ^J^^' ^^oli ^S ™o~»*.» 



/Vef. Fnt. Ftfi. 

0.0 10 */7.0 1.0 1.224 1.2»l 

il J7 40?.^ 2.4 1.325 1.325 

•i.2 «9 411.6 3.6 1.411 1,411 

».3 108 413.9 4.6 1.49^ 3 1.495 

12.4 150 416.2 6.1 1.5M • 6 1,578 
Ib.b ' '.MO 41'^. 5 i 7.4 1.6*5 14 1.671 
1*.6 250 421>.H • S.6 . 1.771 -23 1.748 
24. > 360 425,4 j 10.9 1.9M 55 l,8^« 

32.5 b» 431.0 ' 13.8 2.146 14S 1.998 



a Thousand* of cubic feet per Ki*ond. 
frThou!sand» of foot-pounds. 

From which we see that the maximum overturning moment will be at ertrem^-^-^''® 
high water. ^^ -^^ 

Assuming a dam 8 feet at top. 48 feet above rock, and set 4 feet Into roeL^^ ^^ 
baclk vertical, front sloite Si:10: width where slope intersects base at roc^ 4 ^" ^L^ 
feet, we have that its net resisting moment about its lower toe is M49,440^^^^" 
foot-pounds, giving a factor of safety of 2i)S, neglecting the pressure of th^-^^r 
water on the face of the dam. The apron will connect with the dam by an arop**"^^^^ 
of a cln:le whose radius is 40 feet. ^ 

45. Calculations for *Jam, 9- foot nnvigation, — By the same methods ose^ ^^^^ 
in the i>ret.-edin}; para?rai>h we have that the maximum net overturning mo 
ment will be '2J35t\X**} foot-i¥)uuds. Assuming a dam S feet on top, 51 feeP''* 
above rock, and set 5 feet into rock, back vertical, front slo|>e S§ to 10, 
50.5 feet, we have that its net resisting moment to rotation about its lower to 
is 64>75,7SO foot-pounds, giving a factor of safety of 2.9t>. The apron will co^^'^jo 
nect with the front slope of the dam by an arc of a circle whose radius is 401—^ 
feet. ^---> 

4C Guard of thp lock. — The dam will never drown out, and navigation is sup— ^'^Sn 
posed to be c«»ntinuous. The lock must therefore have such a guard as will ^ ^ ^ 
Insure its oivratiun at all staircs. The maximum calculated depth on thte crest '^^^l^* 
of the dam is 13.S feet. For siifety the jruard of the lock is made 15.5 feet '^^^ 
This plai?es the top of the l«x?k walls at elevation 46S for 6-foot navigation and ^^^^ 
at 471 for t»-foot navigation. ^ 

47. Pl'tn of th* I"* fc. — The look is taken as '^>> feet between hollow qnolns, "^ 
Duttres.ses ICN) feet, upi»er guard and jruide walls S0<^ feet above the upper hot- ^ 

tresses, luwer iiruard and piiidc walls 4«x> ftvt below the lower buttresses. This j 

affords a head bay slitrhtly croater than the hvk chamber, and gives protection 
to vessels and t«nvs for 1.2«>> ftvt helow the tin* of the dam. 

4S. Lfik tr^ill.t fur 6-f''*'t naviit'ition. — A summary only of the calculations for 
these walls is ijivon here. 

{A\ Rivir vurtnin ictill. 

Worst ct»iulitlon : Water inside at elevation 4i>i».3: ^-ater outside at eleva- 
tion 431. 

Net overtuminc moment, 2.r>4L*.<M^> fmM-poinuls. 

Section •>f wall: 12-fnot top, 4.'".-f.H>t base, JiO feet high. 

Kesistiujx m(»ment, 7.G7S,440 fiK>t-puunds. 

Factor of s;ifety, oAKl. 

(b> I.'tn<t curtain wall. 

Worst condition : I-tx*k empty, etirth backing in fluid cimdition. 

Overturning moment, l,507,i.X.K^ f<.Kn-iK>unds. 
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Section of wall same as river curtain wall. 
Besisting moment, 4,172,000 foot-pounds. 

Factor of safety, 2.77, verticle earth pressure neglected; or 6.74, considering 
vertical earth pressure. 

(c) Buttresses. 

\^"eakest : Lower river buttress. 

\^'orst condition: Water inside at elevation 466.3; water outside at eleva- 
tion 431. 

Assumption : Entire gate thrust uniformly distributed over and taken up by 
25 feet of wall. • 

Maximum net overturning moment, 6,030,000 foot-pounds. 

Section of wall ; 28-foot top, 64-foot base, 66 feet high. 

Resisting moment 16,928,000 foot-pounds. 

Kactor of safety, 2.81. 

(d) Coffer and miter toalls, 

Xbe quantities in these are about balanced by the quantities omitted in the 
oul verts. No estimate, therefore, is made for them. 

49. Lock toaJls for 9-foot navigation, 

( a ) River curtain wall, 

\Vorst condition : Water inside at elevation 469.3 ; water outside at elevation 

>5^et overturning moment, 2,922,000 foot-pounds. 
Section of wall : 12-foot top, 47-foot base, 69 feet high. 
Resisting moment, 8,695,540 foot-pounds. 
B^actor of safety, 2.98. 
< b ) Land curtain wall, 

\lo8t unfavorable case : Lock empty, earth backing in fluid condition. 
>^et overturning moment, 1,723,000 foot-i30unds. 
Section of wall same as river curtain wall. 
Resisting moment, 4,695,000 foot-pounds. 

K*actor of safety, 2.725, vertical earth pressure neglected; or 4.098, vertical 
^^irth pressure considered. • 

<c) Buttresses, 

Weakest: TiOwer river buttress. 

'Worst condition: Water inside at elevation 469.3; outside at 431. 
Assumption : Entire gate thrust uniformly distributed over and taken up by 
^S feet of wall. 

Maximum net overturning moment, 6,931,000 foot-pounds. 

Section of wall : 28-foot top, 70-foot base, 69 feet high. 

Resisting moment, 19,758,000 foot-pounds. 

Factor of safety, 3.0. 

(d) Coffer and miter walls. 

The quantities in these are about balanced by the quantities omitted in the 
•^^alverts. No estimate, therefore, is made for these. 

^^ 50. Factor of safety, etc, — In all this construction the factor of safety has 
^^en taken at from 2.8 to 3.0 for masonry. For works of less magnitude a fac- 
^^ir of safety of 2.0 to 2.5 for masonry would probably suffice. In the complete 
^^^nalization of rivers in the United States this series of locks and dams has no 
J^^rallel from which to draw any premises as to factors of safety. To insure 
^:^e stability of the works a rather large factor of safety has been selected. The 
J^ilure of any of these works would be followed by such great loss of property, 
5^^ not also of life, that it is considered prudent to use a factor of safety larger 
^yfcian that ordinarily employed. For comparison there are submitted the 
^*«igns at Hales bar and the designs of the Muscle Shoals Hydro-Electric 
"^^ower Company, which were copied from Hales bar apparently without consid- 
ering the change in conditions. 

River curtain icalL 

Dimensions. | rtictor 

Project. — — — ; ' of 

Height. Top. Base. * safety. 



^ 



, shoals: Feet. Feet. Feet. 

&-foot navigation SO ; 12 47 

Moot navigation- 66 i 12 ! 45 

slesbar - ■ 58 ! 8 ! 36 



^i^woB oar «o 

"***i8cle Shoals Hydro-Electric Power CJo ; 56 I 
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51. Lining of culverts and /foor.— With locks of this lift it is not conaldcred 
advisable to leave the culverts unlined. The results obtained from the oper** 
tion of locks at Muscle Shoals Canal show that fairly clear water under rel*' 
tively moderate heads will erode the native limestone quite sharply and cem^i^^ 
mortar about 2 inches less. The erosion of concrete would be somewhere ^^ 
tween that of limestone and that of cement mortar. In this connection we m**^ 
also consider that these lo^'ks will be exposed to the scouring action of sand »-'*^ . 
gravel carried along at about eifrht times the speed of flow in the locks ^^ 
Muscle Shoals Canal. The conclusion seems inevitable that unless tlie cnlv^^^^ 
are lined serious scour will result. In order to fill or empty the lock in tweC^^ 
minutes, the culverts are made of two arched sections, 12 feet vertical by 8 f-^^^ 
horizontal. This is arrived at as follows : 

^ 2AVH 

CaV'g 
tn which T=time in seconds: 

A=horizontal area of chamber; 
H=head: 

C=a coeflScient, taken here as 0.6 : 

a=area of culvert, which in this case is 174 square feet for the 
culverts, or M sipiare feet for each. 
Taking H=45 feet and A=72.000 square feet, T=19 minutes 11 seconda. 

The great size of castings, if made singly, and the difllculty of placing 
accurately if made in sections, as well as their great cost, make cast iron l e>-^ — w wi 
favorable than vitrified brick for lining the culverts. Approximately 700,OC^^^ 
brick will be required for the puri^^s^'^ 

The space between the lift and c\>ffer walls, the chamber, and the upper po ^ ^ 
tion of the tail bay will also be exiH>sed to this great scour. Asst. Enginef^^^i, 
W. S. Winn, who has exauiinevi these kvk sites, states that the natural roc^^^t 
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there offers much better resistance to abrasion than the stone used In the loci 
at Muscle Shoals Canal. It s<^ms advisable, however, to provide for undoubt 
safety: and in the absence of sinvifiotest of the ri'sisring qualities of thenatui^ 
rock to provide for lining the iK»rtions of the Kx^k mentioned (300 feet in tal^^ 
bay> with vitrifieil briok. For this puriH>s** 470.iW vitrified brick ¥rtll he 
quireii. After sixvirio test are made it may In? found possible to omit thli 
item, but it is iH^lieviM lH*st to include it in the estimate. 

52. Abutment. — The abutment will be made by cutting into the solid natural 
nvk, i^'st any seams which re:ich the face, and keying the dam therein. In# 
the ab<*nuv of any deiai'.ctl examination it is assumei.1 that 50 feet will be ample*^ 
to provide for this i.H>niiection. 

Kk K'i'th tj'MvUifn.—Wowi: the line of the dam excavation will have to be 
made Tl;r»nis:h l\ittons Islar.d. .7a..kSi>u Island, and a towhead. There will be 
very litt'v^ earth exo:ivat:on at the l»v*k site. The abutment will require a small 
amount of earth excavation. The total quantity is estimated at 72,000 cubic 
yanls. 

54. /?''CV ':x.>:'::}tir,n. — This wi!'. »vviir niiilor the entire structure, and at 
the thini %vk of the s<^ries. wher^^ the licaviest r^vfc exi*avatlon will be required. 
It is N^: ro include this last item uTidcr the work for this lock, since If It is 
not done slni'iltaneously with the vvnstruction of this lock the cost of removal 
will be very much gnnitor after the ikh>1 is over the site. The total amount 
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' oir this work is estimated at 270,000 cubic yards for 6-foot navigation and 
278,000 cabic yards for 9-foot navigation, since the dam for the latter project 
i» set 5 feet into the rock, while for 6-foot navigation the dam is set only 4 
^<eet into the rock. 

06. Cofferdam, — The same form of cofferdam is proposed as for the Flor- 
«^Bce lock. If built simultaneously with the Florence lock its height can be 
^^ same, and the cost per linear foot will be. the same. If built after the 
Xnorence lock is built it will have to be correspondingly higher, and its cost 
^vill be increased 50 per cent. For purposes of estimate it is assumed that this 
lock and dam will be built simultaneously with the one at Florence. The 
i-EKreaaed cost should, however, be borne in mind in case the Florence lock is 
t>iiilt first The Florence lock could not well be*built later than these works, 
^Ince until the Florence lock and dam are built these works would form a com- 
K>lete bar to navigation. 

56. Concrete, — ^The quantities are: 

<a) For 6-foot navigation: Cubic yards. 

In the dam and abutment 237,000 

In the lock 324, 000 

Total 561,000 

< 1>) For 9-foot navigation : 

In the dam and abutment 278,000 

In the lock 350,000 

Total 628, 000 

67. Paving, — ^The terreplein of the lock and all natural banks, other than solid 
JXDck or when protected by the lock, are protected by paving, and the estimate 
1^ made on this basis. This is a rather crude estimate, but it is about as close 
^g can be made in the absence of detailed information and still keep on the 
l^^fe side as to cost. It is believed that after a detailed survey is made it will 
*^^ found possible to reduce considerably this paving, if indeed not to omit it 
^^atirely, except in the terreplein of the lock, since the lock and abutment, 
**^ing situated next to rock bluffs, are perfectly safe from being cut around, 
^^gardles of the scour of the earth banks below the dam, and since any land 
"^^iaat would be scoured away would probably have to be purchased on account 
^^^ overflow from the Florence dam. On the other hand, if the detailed survey 
*^onld show that there are soft natural banks to be preserved, this estimate 
*^^ rather low, since there would probably have to be constructed a concrete 
]^^De to prevent the scour from undermining the paving at its toe — a condition 
^^feit is now being similarly met in a work under the charge of this oflBce. The 
^^^^p and observations indicate that a portion of this protection will probably 
"^^^t be needed ; but the estimate is believed to be as close as can be safely made 
'^'^Ithout the aid of a detailed survey. 

The distance below the dam that the protection should be carried is a difB- 
'^^^It question to determine. In the absence of more definite information, pro- 
'^'ision is made for protecting the banks 100 feet for each foot of fall. 

The amount of paving estimated for this purpose — using the natural slope 
^>J banks — is 21,000 square yards, to cover 3,000 feet. The amount of riprap 
•"quired is 7,000 square yards. 

58. Land. — It is assumed that 20 acres will be necessary for the lock site 
^.nd 10 acres for the abutment. The submerged lands (scaled from the map) 
^. mount to 1,175 acres, making a total of 1,205 acres. For the same reasons as 
^Iven in the discussion of the lock and dam at Florence, this is arbitrarily in- 
creased to 1,500 acres. 

50. Lock gates. — Using the gates at Hales bar for purix)ses of comparison, 
"^^ cost of this item will be : 

(a) For 6-foot navigation: 

Upper gates $30,750 

Lower gates 100, 1(K) 

330,010 
Add 33i per cent for possible increase in price of steel 43. (>37 

Total 174, 547 

Estimate 175, 000 
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(b) For 9-foot navigation: 

Upper gates $37. 900 

Lower gates ItiO, 000 

107,900 
Add 33i per cent for possible increase in price of steel 65, 967 

Total 2G3, 807 

Estimate 264,000 

60. Lock machinery.-^On the same basis the cost of the lock machinery will 
be $25,000. 

61. Lock houses,— ThiB item Is arbitrarily assumed at $10,000. 

62. Coat of 6'foot project— 

Concrete, 561,000 cubic yards, at $7 , $3, 927, 000 

Earth excavation, 72,000 cubic yards, at $0.75 54, 000 

Rock excavation, 541,000 cubic yards, at $3 1, 623, 000 

Back fill, 140,000 cubic yards, at $0.75 105,000 

CJofferdam, 8,000 linear feet, at $22 176, 000 

Paving, 21,000 square yards, at $2 42, 000 

Riprap, 7,000 square yards, at $1 7, 000 

Vitrified brick, 1,170 M, at $10 18, 720 

Lock gates 175, 000 

Lock machinery 25, 000 

Lock houses 10, 000 

Land, 1,500 acres, at $100 150, 000 

6, 312, 720 
Ck)ntingencie8, etc., 20 per cent 1, 202, 544 

Estimated total cost 7, 575, 264 

63. Cost of 9-foot project — 

Ck)ncrete, 628,000 cubic yards, at $7 $4,306,000 

Earth excavation, 72,000 cubic yards, at $0.75 54, 000 

Rock excavation, 595,000 cubic yards, at $3 1,785,000 

Back fill, 140,000 cubic yards, at $0.75 105,000 

Cofferdam, 8,000 running feet, at $22 176, 000 

Paving, 21,000 square yards, at $2 42,000 

Riprap, 7,000 cubic yards, at $1 7,000 

Vitrified brick, 1,170 M, at $16 18, 720 

Lock gates 264, 000 

Lock machinery 25, 000 

Lock houses 10, 000 

Land, 1,500 acres at $100 150, 000 

7, 032, 720 
Contingencies, etc., 20 per cent 1, 406, 544 

Estimated total cost 8, 439, 264 

64. Memoranda for use of Board in considering project — 

(a) FLORENCE LOCK AND DAM. 

Average saving for each foot reduction in height of lock walls, main 

lock $26, 610 

Average saving for each foot reduction in height of lock wall, Florence 
lock 14, 157 

Average saving for each foot reduction in width of main lock 4, 700 

Average saving for each foot reduction in length of lock chamber, 

main lock 404 

Average saving for each foot reiluction in length of head bay, main 

lock 360 

Average saving for each foot of bank left unpaved below main lock 14 

\verage saving for each foot of bank left unpaved on Florence side - 8 
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(b) lock and dam at head of pattons island (6-foot project). 

Average saving for each foot reduction in height of lock walls $42, 972 

AToage saying for each foot reduction in width of lock 7,466 

Arerage saying of each foot reduction in length of lock chamber 1, 158 

Arerage saving for each foot reduction in length of tail bay 1, 158 

ATerage saving for each foot reduction in length of head bay 950 

j Arerage saving for each foot of paving omitted 14 

Average saving for each foot of paving replaced by riprap 7 

Additional cost of 6-foot toe wall of concrete along paved bank, per 

mnning foot 8 

Average saving for each foot of apron omitted 2,700 

Saving due to not paving lock chamber and head and tail bays with 

brick > 7, 520 

Siviiig due to not lining culverts 11, 200 

Saving due to reducing factor of safety from 2.8-3.0 to 1.8-2.0 713, 547 

(Lock, $491,322; dam, $222,225.) 

(C) LOCK AND DAM AT HEAD OF PATTONS ISLAND (0-FOOT PROJECT). 

' Average saving for each foot reduction in height of lock walls $46, 987 

Average saving for each foot reduction in width of lock 11,265 

Average saving for each foot reduction in length of lock chamber 1, 248 

Average saving for each foot reduction in length of head bay 1, 022 

Average saving for each foot reduction in length of tail bay 1,248 

Saving due to reducing factor of safety from 2.8-3.0 to 1.8-2.0 779, 670 

Lock $300, 780 

Dam 388, 890 

' — ^ $779, 670 

In all the foregoing no account has been taken of 20 per cent addition for 
contingencies. If this be rcnkoned In, it will increase all the above amounts 
by 20 per cent. 

LOCK AND DAM AT RESTING ISLAND. 

65. Location, — It is assumed that this lock and dam will be located essen- 
tially as proposed by the Muscle Shoals Hydro-Electric Power Company. The 
rt^t bank offers the better location for the lock, and a passage from the left 
t>ank to the right bank can be readily effected in the upper pool of the Pattons 
Island dam. 

66. The dam. — The crest of the dam is assumed at elevation 492.5 for 6-foot 
navigation, or at 495.5 for 9-foot navij?ation. The crest scales 6,533 feet, as 
shown on the blueprint. However, it is considered better to set the lock back 
against the natural bank than to locate it as propos^^l by the HydroElectric 
Company, and to allow 50 feet for any rotten or seamy rock found on the 
abutment side. These chanj^es will make the lenj?th about 6,700 feet. The 
depth on the crest is computed at 9.2 feet for extreme high water, allowing 
for a power house 600 feet lonjr. 

67. Similarity to the Pattons Inland lock and daw. — In plan, except for the 
length of dam and apron, this dam will be identical with that at Pattons 
Island. The lift is also practically the same. The irnard may be reduced 3 
feet, but to save time in the preparation of this project, the cross sections of 
loclj walls, apron, and dam are assumed to be identical with those at Pattons 
Island. The same lining is given to the culverts, and the lock pit is paved in 
the same manner. The abutment will also be in solid rock. Only the quanti- 
ties which differ will therefore be given six?cial consideration. 

68. Earth excavation. — The dam crosses Walkers and near Resting Islands; 
the abutment will require some earth excavation ; and the lock will require 
excavation of the towpath and bed of Muscle Shoals Canal. The total of this 
work is estimated at 2r)(»,0<X) cubic yards. 

69. Back fill, — It is estimateil that all back fill can be made from material 
excavated, and no separate allowance is made for this item. 

70. Rock cj^cavation. — The excavation for the approach to this lock has been 
previously estimated under the Pattons Island dam. (See paragraph 54.) The 
additional excavation of this class is estimated as follows: Under the dam, 
86.000 cubic yards; under the lock, 9,000 cubic yards; under the abutment, 6.0(X) 
cubic yards; and for the approach to the next lock of the series, 10,000 cubic 
yards; making 60,000 cubic yards in all. In each case the excavation for the 
approach to any lock is considered as part of the work on the lock below, since 
Rock excavation, 595,000 cubic yards, at $3 1, 758, 000 
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It if much cheaper to remove this in the natural shallow river than when 1 
a deep pool over it Under the apron it is 271,000 cubic yarda 

71. Cofferdams. — ^These are assumed of the same dimensions as for the 
ence lock. (See p. 15.) If this loclc is built simultaneously with the lo< 
Pattons Island, the height of cofferdam can be reduced materially and the 
about one-third. About 14,500 linear feet of cofferdam will be required. 

72. Land, — For the lock and abutment 30 acres are required. Along the 
bank 160 acres, exclusive of the Bluewater Creek bottom, and along the 
bank 120 acres, exclusive of the Town Creek bottom, will be flooded. Th< 
lowing islands will be drowned out : Coffee, 20 acres ; Harrys, 10 acres ; £ 
20 acres; Cedar, 25 acres; Cox, 200 acres; Sister Islands, (2), 50 acres; Ti 
Chute, 20 acres; Walkers, 150 acres; Resting, 130 acres; not named, 10 a 
total, 635 acres. It is impracticable to estimate the bottoms of Bluewatei 
Town creeks, as the map does not show their extent An allowance of 200 : 
l8 made for the first and 355 acres for the second, bringing the total land 
merged to 1,500 acres. As a good deal of this land can be had for $50 per 
if we estimate $100 per acre for the total stated we shall probably cover the 
of any excess of land submerged over that estimated. 

78. Co8t for 6'fooi project — 

Concrete, 720.682 cubic yards, at $7 $5,04^ 

Karth excavation, 250,000 cubic yards, at $0.75 18^ 

Rock excavation, 331,000 cubic yards, at $3 90J 

Paving, 21,000 square yards, at $2 42 

Riprap, 7,000 square yards, at $1 "i 

Cofferdam, 14,500 running feet, at $22 311 

Vltrltied brick, 1,170 M, at $16 IJ 

liOCk gate« 175 

I/)ck machinery 2? 

Lock houses 1( 

Land, 1.600 acres, at $100 15( 

6,971 
Contingencies, etc., 20 per cent 1,394 

Estimated total cost 8,366 

74» Cost for 9-foot proj(vt — 

Concrete. TiV|,756 cubic j-arda, at $7 $5,665 

Karth excavation. 250,iXX^ cubic yanis. at $0.75 181 

Rock excavation, 3;n,00l> cubic yards, at $3 995 

Paving, 21.00l> siQU.Hre yards, at $2 45 

Riprap, 7,000 9Quare yards, at $1 1 

CyiftNtlaiii, 14,500 running feet, at $22 311 

Vitrified brick, 1.1TO M, at $16 1{ 

l^ock gate® 264 

IdifCk nuiohlnery 2! 

Lock Ikhis^mi 1< 

Ijwid, l.WO acres, at $liX> la 

7.57! 
Coiitiiuc«»iol««^ «o 1, 5V 

Rstlnuit^l n>tal c^^st 9.09! 

^ .Y«^r4f fiw n^ of N>«rtf im confti^crinp project, — 

Loc^ mad dam at Bi 
L<Uxid. 

f-toot nari- ^foot 

ratkA. cmti 



5fc%vli**(^^^>^wl»c^:^r»a?v1*^tK>c^:t.^>^w•^ _ -». att.fa , 

$*tiftc: 4iB» t*> i^Mttfte* >fc i,1xh v^f a;>rvci 4.(» t*v>i S;C1< 



OtlwTfrt«^ tlie TK«t<« uiHV>r tb^ rattv^r.^t l^sc^n^l dam wUl an;ily. (See ] 
(rapli <fMk) TV* ;X^ |>wr vvr*t a:x>warKV for c\>r.::r,jN*TK-><^ Is n«>i inehided li 
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LOCK AND DAM NEAR SECOND CREEK. 

78. Location, — ^It is assumed that this lock and dam will be located essentially 
as proposed by the Muscle Shoals Hydro-Electric Power Company, except that 
tbe lock will be moved in near the right bank. 

79. The dam, — ^The greatest elevation of the river bed between Loclr A and 
the head of Browns Island is 527, Just below Mallard CJreek. This places the 
creRt of the dam at elevation 533 for 6-foot navigation, or 536 for 9-foot navi- 
gation. This is 40.5 feet above the crest of the next dam below. The length 
of crest is 5,800 feet. The calculated maximum depth on the crest will be 
10-3 feet, allowing 600 feet of crest for power house. 

80. Similarity to works helow, — In plan, except for the length of dam and 
apron, this structure will be practically identical with the dam at Fattens 
IdEDd. The lift is practically the same. The same lining is given to the 
culverts, and the lock pit is paved in the same manner. The abutment will 
probably be in solid rock. The height of the dam for 6-foot navigation will be 
46 feet above rock and set 4 feet into the rock ; for 9-foot navigation these 
dim«isions will be 49 feet and 5 feet, respectively. The height of the lock 
waUs is made 62 feet above rock for 6-foot navigation and 65 feet for 9-foot 
navigation. The curtain walls are 12 feet on top ; the base width is 39 feet for 
Woot navigation and 41 feet for 9-foot navigation. The buttresses are 28 feet 
on top ; their base width is 57 feet for 6-foot and 61 feet for 9-foot navigation. 

81. Earth excavation, — There will be practically no earth excavation for the 
dam ; but for the abutment there will be a little, and the wing walls of the lock 
will require excavation of the towpath and bed of Muscle Shoals Canal. The 
total is estimated at 5,000 cubic yards. 

82. Back /I/Z.— The amount of fill behind the lock walls is estimated at 130,000 
cubic yards for 6^foot navigation and 140,000 cubic yards for 9-foot navigation. 

83. Rock excavation, — The rock excavation necessary under the lock is taken 
aa 9,000 cubic yards ; that imder the dam as 35,000 cubic yards ; and that for 
the abut ment as 1,000 cubic yards, making a total of 45,000 cubic yards ex- 
dnsive of the apron, which amounts to 258,000 cubic yards. 

84. Cofferdam, — This is assumed of the same cross section as for the other 
locks. About 14,000 linear feet will be required. 

85. Land. — For the lock and abutment 30 acres are required. The following 
iaiands will be drowned out, the figures In parentheses indicating the number of 
acres in each: Tick (500), Gourd (20), Sweetgum (35), Weaver (75), Howard 
(40), Gilchrist (420). Com (25), Sedgegrass (75), Poplar Tree Slough (2,000) ; 
total, 3,190 acres. On the right bank it is estimated that there will be sub- 
merged at least 1,000 acres, and on the left bank 2,600 acres. This does not in- 
dnde the bottoms of Elk River, nor of those on the left bank opposite Gilchrist 
laland. It is impossible to estimate these, as their extent is not shown on the 
map. An allowance of 1,610 acres is made for them, bringing the total land to 
be submerged to 9,000 acres. On account of the great uncertainty existing as 
to the exact amount of land that will be overflowed, and on account of the 
certainty that a great deal will be overflowed, it is considered advisable to 
arbitrarily raise the estimate for this item to 15,000 acres. 

86. Cost for 6-foot navigation — 

Concrete, 596,000 cubic yards, at $7 $4,172,000 

Bock excavation, 303,000 cubic yards, at $3 909,000 

Earth excavation, 5,000 cubic yards, at $0.75— 3, 750 

Back flll, 130,000 cubic yards, at $0.75 97, 500 

Cofferdam, 14,000 running feet, at $22 308,000 

Paving, 21,000 square yards, at $2 42,000 

Biprap, 7,000 square yards, at $1 7, 000 

Vitrifled brick, 1,170 M, at $16 18,720 

Lock gates 175, 000 

Lock machinery : 25, (XK) 

Lock houses 10, 0(X) 

Land, 15,000 acres, at $100 1,500,000 

7,267.. .0 
Contingencies, etc., 20 per cent 1,453,594 

Estimated total cost 8, 721, 564 
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87. Cost for 9-foot navigation — 

Concrete, 663,000 cubic yards, at $7 $4,641,000 

Rock excavation, 303,000 cubic yards, at $3 909,000 

Earth excavation, 5,000 cubic yards, at $0.75 3, 760 

Back fill, 130,000 cubic yards, at $0.75 97, 500 

Cofferdam, 14,000 running feet, at $22 308,000 

Paving, 21,000 square yards, at $2 42,000 

Riprap, 7,000 square yards, at $1 7,000 

Vitrified brick, 1,170 M, at $16 18, 720 

Lock gates 264, 000 

Lock machinery 25, 000 

Lock houses , 10. 000 

Land, 15,000 acres, at $100 1,500,000 

7, 825, 970 
Contingencies, etc., 20 per cent 1, 565, 194 

Estimated total cost ^___ 9,391,164 

831-FOOT LIFT LOCK AND DAM AT RESTING ISLAND. 

88. Reasons for suhmitting, — The river and harbor act of March 2, 1907, 
directs the Board to consider the Improvement of this section ** by not to 
exceed three locks and dams." The site of one of these has already been 
located, in this project, at Florence and that of another at the head of Pattens 
Island. The third will have to be located at the site of the dam proposed at 
Resting Island, and if no provision be made for a fourth will necessarily have 
a lift equal to the combined lifts of that lock and the one proposed near 
Second Creek, 

89. The dam, — The crest of the dam will be at elevation 536. The greatest 
calculated depth on the crest will be 9.2 feet, mnking the elevation of high 
water 545.2. The old elevation of high water is 467. The dam is taken as 8 
feet on top, 78 feet on base at rock, set 10 feet into rook. This gives a factor 
of safety of 3.02. The contents of the dam are 1,030,260 cubic yards. The 
apron will extend 600 feet below the dam and be 12 feet thick at its upper 
edge, 4 feet thick at its lower edge, and set 4 feet into rock. It joins the dam 
by the arc of a circle whose radius is 80 feet. Its contents are 1,066,700 cubic 
yards. About 800,000 cubic yards of rock excavation and 19,200 running feet 
of cofferdam will be required, in addition to 92,000 cubic yards of earth exca- 
vation. The abutment is assumed to be made by keying the dam into the 
natural solid rock bluff. The cost of the dam alone will be about $17,570,120, 
or nearly as much as the entire cost of the two locks and dams proposed. 

90. Hydraulic lift lock. — In complete canalization this would have to be set 
between walls to keep out the wash and draw of the dam. Probably 900 feet 
will suffice above the dam, but below it the protection should be extended at 
least 3,000 feet, since the energy remaining in the overfall will be twice as great 
as that remaining in the overfall of dams for which l..n(iO feet protection is pro- 
vided. This requires 1,058,896 cubic yards of concrete, .^>12,000 cubic yards of 
rock excavation, 780,000 cubic yards of back fill, and 5,000 running feet of 
cofferdam, costing, all told. $8,255,272. The largest lift of this kind is at Peter- 
borough, Canada, and is 05 feet, with caissons 140 by .S,S by 8 feet. According 
to Prussraan such a lock will cost $590,000. If we increase the chambers to 
800 by 90 by 10 feet, the cost will run up to about $10,000,000 for an 83i-foot 
lift. This makes the total cost $18,255,000. 

91. Other itemn and v.^timatc. — The necessary paving and bank protection are 
estimated at $50,000 and the lock houses at $10,000. ^ye have then for the cost — 

Dam $17, ,570, 120 

I^ck 18, 255, 000 

Overflowed land (20.(XK) acres) 2,000,000 

Minor items 60,000 

37, 8^^5,120 
Contingencies, etc., 20 per cent 7,577,024 

Estimated total cost 45,462,144 
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92. MUering gate lock, — The summaries of sections only are given here. 
Curtain walls: 12-foot top, 61-foot base; factor of safe^, 3.07. 
Buttresses: 28-foot top, 80-foot base; factor of safety, 3.02. 

The cost of the lock without gate will be $8,350,000. The gates will cost, 
tomplete with operating machinery, about $960,000. 

93. Estimated cost — 

Dtm $17, 670, 120 

Lock 9, 310, 000 

Und 2, 000, 000 

Minor items 60,000 

28,940,120 
Gontingencies, etc., 20 per cent 5,788,024 

Estimated total cost 34,728,144 

94. Remarks. — The results in price as between hydraulic lift and mitering 
gate locks were a little startling. The discussion was started on the assumption 
that the hydraulic lift lock would be the cheaper. 

Asst Engineer John M. 6. Watt has translated parts of a German work pr^ 
aented by Prussman to the Permanent Association of Navigation Congresses in 
1905. Herr Prussman gives a rigorous discussion of the practicable lifts of the 
vmriouB classes of locks. He concludes that 65 feet (20 meters) is the limit 
of economy for hydraulic lifts, and 49 feet (14.9 meters) for mitering gate 
kxOLS. 

The construction of this lock and dam is not recommended, as their cost is 
greater and their safety more questionable than two locks and dams covering 
the same stretch of river. For this reason only a brief synopsis of the general 
fM;t8 relative to this project is submitted, and no drawings have been prepared. 

95. Conclusion of premises, — From the foregoing it is seen that it will be 
more economica"! to use four locks and dams than to use three. The difference 
in cost between a project for 9 feet and one for 6 feet is so much less than it 
would cost ever to alter the works later that it is best to adopt the 9-foot project 
at once. Throughout this work the preparation of estimates and designs has 
been hampered by the lack of a detailed survey. This has prevented the ac- 
curate determination of certain features of the project. Before work is entered 
upon a careful detailed survey and examination should be made. This should 
■bow accurately the foundations as determined by extensive borings, to insure 
that the surface rock is not imderlaid by any strata of inferior material. It 
diould show, further, all land included by the calculated highest water. The 
nature of the banks should l>e accurately shown. The extent and direction of 
the earth dam at Florence should be determined. Tests of the resistance of 
tbe natural rock to abrasion should be made. Before this matter is carried 
further. Congress would do wisely to appropriate $50,000 for a complete exam- 
ination and survey, to collect all the data necessary for the complete design and 
eitimate of the works and for the preparation of plans. 

In the following paragraphs will be given the general outline of the project 
recommended. All of the foregoing which relates to the 9-foot project and is 
not hereinafter repeated is still to be considered an integral part of the proj- 
ect — as much so as that which is repeated. 

THE PROJECT. 

96. Object, — The object of this project is to provide for the permanent im- 
provement of that section of the Tennessee River included between the head of 
Elk River shoals and the Florence Railway bridge, in conjimction with the de- 
velopment of the water power. 

97. Improvement projected, — ^The improvement projected is to be made by a 
ieries of four dams and five locks. 

The first dam will be located about 1,000 feet above the Florence Railway 
iHidge, and will contain two locks. The one on the left bank will be given a 
guard sufficient to insure its operation at all times, and will be for the use of 
through traffic. The one on the right bank will be given a guard sufficient to 
Insure its operation at all times when boats can not pass across Pattons Island 

H. Doc. 781, 60-1 3 
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in the upper pool of tlie dam. The owners of the Florence Railway bridge 
be required to place a new draw span of 200 feet clear width between piers 
entirely over navigable water near the left bank, as shown on the draiv 
The line connecting the center of the rest piers will be parallel to the axi 
the lock, and the rest piers will be so constructed as to cause any boat strll 
them to glance off. 

The second dam and third lock will be located near the head of Pat 
Island, as shown on the drawings. The lock will be on the left bank, and 
provide for through trafQc. In the location of this lock and the determina 
of its lift, it becomes necessary to sacrifice either the low ground at Loc 
Muscle Shoals Canal, or a i>ortion of the city of Florence, or to build an e 
lock and dam. The first course is preferable for obvious reasons. 

The third dam and fourth lock are located at Resting Island, with the 
on the right bank. There will be no difficulty in making the crossing in 
pool above the second dam. 

The fourth dam and fifth lock are located near Second Creek, with the 
on the right bank. 

In all cases an allowance of 600 feet of crest has been made for the inaei 
of a power house. 

98. Depth adopted. — These works must be considered in the light of 
greatest future needs, and not in the light of present requirements. Whei 
this has not been done the result has uniformly been that the old works : 
required removal, and larger works have had to be built at great expense. 1 
works once installed may safely be said to be installed for all future i 
They must, then, provide for the greatest navigable depth the river 87 
will afford when improved throughout to the limit of its capacity. If wein 
be installed of the bear-trap or Chittenden types which will regulate the 
levels absolutely, a system of movable dams in combination with high-lift p( 
dams can be installed which will afford 9 feet minimum depth from the m 
of the Tennessee River to the mineral deposits of its tributaries. This 
pears to be about the limit possible. For movable dams the pools will ave 
in length about as follows: Paducah to Riverton, 43 miles; head of Col 
shoals to Florence, 11 miles; head of Elk River shoals to Hales bar, 27 ml 
above Chattanooga, 11 miles; Clinch River, 10 miles; French Broad Rivei 
miles. The high-lift power dams would have i>ools of 12 to 22 miles. 
average length of pool may be taken at 15 miles for the system. Assumii 
speed of 5 miles per hour in the pools and allowing thirty minutes for a V 
age, we have an average speed of travel of slightly less than 4.3 miles 
hour. The low banius will not permit any greater lifts, even with movable di 
famishing perfect regulation. This would force an increase in the numba 
locks to ^ve an increase in depth, and this in turn would reduce the speec 
travel until navigation would not be profitable. 

Nine feet appears to be the limit of dei)th which the Tennessee River sysi 
will ever afford, and is adopted for this project. The improvement of 1 
river system for a navigable depth of 9 feet will probably not be undertai 
dnring the lifetime of any of us; but it should be borne in mind that tli 
works are expected to serve the needs of future generations as well as tbosi 
the present one. 

90. Size of lock8. — ^The four main locks are made 90 by 800 feet in the du 
ber, to pass (at a reasonable rate of speed) the largest tow ever moved on 
inland waters of the United States. Except in the case of the Florence U 
the necMSity for protection from the wash of the water falling over the d 
80 extends the lower guard and guide walls that the chamber could be 
creased 400 feet tn length without additional expense, by a corresponding 
dnctton In length of tail bay ; and it may be advisable to do this. 

Whatever modifications may hereafter be made in the project, the widtli 

tlie lock should not be decreased, nor should the dimensions of the head W 

dtmlnltfked. It is a comparatively simple matter to extend the walls do* 

vtream and make a larger lock, if the culverts are of sufficient capacity for 

i^w length of chamber. An increase in width, however, would be practici 

tdilbitlve In cost for locks of the lift of those proposed and in the locati 

loctsd. Nor would the matter of extending the head bay of a lock in 00 1 

M. water be a thing to be lightly undertaken. 

^Xbe amall lock on the right bank at Florence is made of less dimensions, li 
t is expected to provide only for packets and small tows. The dimensioitf 
hgp o w ai t Muscle shoals lock, 300 by CO feet in the chamber, will probably 
' I fbr all tlie traffic that will ever pass through this lock. 
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low of the river is ample for the largest lock proposed. At the lowest 
le filling will require the flow of the river for 6.4 minutes. As nineteen 

and forty seconds are the calculated time of filling, it Is evident that 
ill be no disturbance of the upper pool level. 

9ck at Florence amounts In cost to abont 1 per cent of the entire project, 
»uld be provided to care for the commerce of industries which will be 
to spring up there when cheap power is available. 
^'actor of safety, — For works of this size the factor of safety should be 
rge. The failure of one of these works would be followed almost cer- 
»y the failure of all those below it The damage which would be done 
sudden release of about 40,000,000,000 cubic feet of water passes the 
of imagination. To provide against this no factor of safety less than 'S 
A heavy apron is provided below all dams except the Florence dam, 
-onghout no effort has been made in the design to cut down the cost | 

uch a reduction might raise any question as to the safety of the works. - 

Protection of works. — Save on the right bank at Florence, the locks and 
its are keyed into the natural rock for 50 feet, making them practi- V 

■oof against being cut aroimd. If the arrangement given in the right 
; Florence does not prove sufllcient, the direction of the axis should be 
I to more upstream and the earth dam and core wall carried back to 
. The crest of the dam is placed well above the reach of any past or 
B high water. 

inks where there is liability of any important attack and the terrepleins 
locks are paved. Beyond this protection, riprap Is placed to overcome 
ttacks. While this will probably suffice, a better construction would be 
Ide a 6-foot toe wall for all paving and riprap; but on accoimt of th§ 
3 is only suggested, and it is not included in the estimate. In addition, 
a grass is used on slopes not otherwise protected. 
>t in the locks at Florence, provision is made for lining the culverts with 

brick and for paving the fioors of the locks. It would be an improve- 

do this also at the Florence locks. 

\Iaterial8 of construction, — Cyclopean concrete is used throughout. No 
iBs than a ton in weight should be bedded, and the stones should be 
egular in shape, so that the final construction will be nearly a random 
^all filled with and covered with concrete. To insure against injurious 
n mixing and to provide against any ill effect from varying quantities 
1, a rather rich mixture (about 1 : 2^ : 5) should be used. Glean, sharp 
ould be specified, and the use of crusher dust in lieu of sand should be 
ily prohibited. The run of the crusher, however, could be accepted for 

stone, when screened of all pieces over 2 inches in any dimension. 
Ining of culverts and fioors will be with vitrified brick, set in 1:2 

with headers and stretchers so distributed as to bind the courses to- 
md give the whole a firm bond with the concrete, 
lollow quoins and the miter sill contact pieces will be of cast steel, 
provides only for a thoroughly strong construction, and makes no pro- 
'or appeal to the aesthetic sense. The estimate is based on this con- 
D, but it would be better to increase the cost somewhat and make a 
rtion that will be beautiful as well as substantial. A glaring wall of 
f nearly half a mile long can scarcely be said to be a thing of beauty, 
i be much better to cover the whole with a shell of faced stone, built 

the concrete and thoroughly bonded to it by long headers. This will 
re than the plain concrete, but it will look infinitely better, and the 
pent on it would be well applied. Some change from pure commercial- 
3 some slight concession to beauty in construction are well worth all 
ey they will require. 
•ost. — This has been estimated as follows: 

? looks and dam $2,880,420 

Island lock and dam 8,439,264 

Island lock and dam 9,095,414 

Creek look and dam 9,391,164 

to United States shops, etc 300.000 

total 30, 106, 262 

this we add the stone facing and additional protection recommended, 
I cost of the project can be estimated at $32,000,000. 
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104. Mode of construction, — The work should be done by hired labor Ci 
clusively* The experience of a contract for similar work on this river has beoi 
very unsatisfactory. 

105. Conclusion, — In conclusion it is desired to extend thanks to the presideil 
of the Board, Col. William T. Rossell, CJorps of Engineers, for valuable ai 
gestions in r^ard to costs and factor of safety, which suggestions have beq 
embodied in this project; and to Asst Engineer John M. G. Watt for 
valuable aid in making and checking calculations and estimates and 
preparation of drawings. 

Very respectfully, your obedient servant, 

W. G. Gaplbs, 
First TAeut,, Corps of Engineers, Recorder to Board, 
Col. Wm. T. Rossell, 

Corps of Engineers, U. S. A., Cincinnati, Ohio* 
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Appendix No. 2. 

PABTICIPATION BY THE UNITED STATES OOVEBNMENT IN THE COST ( 
mrSCLE SHOALS IMPBOVEMENTS NOT AN INSTANCE OF 
OOVEBNMENT AID. 

By Fbank S. Washburn, 
President Muscle Shoals Hydro-Electric Power Company, 

Nashville, Tenn., June 11, 19C7i 
To the Board of Engineers, United States Engineer Corps, appointed under 

amendment to the rivers and harhors hill, second session. Fifty-ninth Oongri 

to examine and report on plans for improving navigation and deveiopi 

power at Muscle shoals, on the Tennessee River, State of Alabama. 

Gentlemen : Water power developments projected upon navigable rivers i 
be said to fall under five typical conditions. 

First. Where there are no navigation improvements, but where the rii 
either with or without navigation works, may be made navigable. 

In this case, providing the river were formally declared to be " naviga' 
the Government would be interested in maintaining surveillance over any _ 
project only to a degree necessary to insure no obstruction being placed In 
way of later navigation improvements by which such works would be 
either impracticable or more expensive than they otherwise would be. We 
lieve this statement of the Government's proper attitude will not be contradU 
by anyone. That it is accepted in official quarters is evidenced by the fact t 
General Mackenzie, Chief Engineer of the United States Army, in comixM 
made April 4, 1905, in connection with legislation affecting water power 
velopment, makes the following statement: 

" Regarding the proposition to empower the Secretary of War to authorise 
use and development of water power at localities not improved by tiie Ui 
States, it should be borne in mind that natural water power — that is, po 
made available by the existence of natural falls and rapids in a river — ^18 
purtenant to riparian ownership, and the right to use it is governed by 
laws on the subject of private property. As above set forth, the Federal 
ernment can regulate and control it only to such extent as may be necetf 
in the interest of navigation." 

Secretary of War, Hon. William H. Taft, in a communication addressed to 
President, expresses the following opinion : 

" It is, of course, in the interest of the public that improvements of this 
(water power developments) should be encouraged, and in streams in 
there has been no expenditure of money to create water power it does 
me necessary to extend the policy of demanding compensation for such a 
use of Government lands as this privilege involves." 

Second. Where there are existing navigation works which will not 
juriously affected by the proposed power developments. 

Under these circumstances the Government would ordinarily be ^ntitl 
some rental provided the power company made use of Government stri 
for storage, head, etc., in the development of ix)wer. It is a usually a< 
princii)]e that wherever the Government has expended money in the estal 
nieut of works on navigable streams, and thereby materially contributed 
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on of power, that no one should be licensed to utilize such power unless 
^mment Is paid for the use of its structures. The amount to which the 
lent is entitled would be determined by various considerations. It can 
* contended, for instance, where a coriwration desires to place a power 
»low a Government lock and dam across a navigable stream, projecting 
>r other conduit for conveying water to the power house, that the power 
' should pay to the Government the entire amount which the lock and 
. cost the Government. The following principle, expressed by the Presl- 
i veto message to the Fifty-seventh Congress : 

Des not seem right or Just that this element of local value should be 
v&y to private individuals of the vicinage, and at the same time the 
f the whole country should be taxed for the local improvement," has 
;)lementary principle, namely, that it would not be right or Just to 
ndividuals of the vicinage that the navigation works which are of value 
K>ple of the whole country should be paid for in toto by the power com- 
1 presented as a gift to the Government. Bearing upon the degree of 
Qse to which the Government is entitled is the fact that the Govern- 
ights upon any stream are limited to the regulation and protection of 
>n. Chief Engineer Alexander Mackenzie's comment made on April 4, 

Ck)ngress, bearing on water power developments, is pertinent in this 
on, and in part is as follows: 
)nnection with legislation of this kind careful consideration should be 

the question of limitations of the power of the Federal Government 
igable waters. By virtue of its power to regulate commerce Congress 
raise control over the navigable water of the United States, but only 
ctent necessary to protect, preserve, and improve free navigation. The 
Crovemment has no possessory title to the water flowing in navigable 

nor to the land comprising their beds and shores, and hence Congress 
it no absolute authority to anyone to use and occupy such water and 

manufacturing and industrial purposes. The establishment, regula- 
1 control of manufacturing and industrial enterprises, as well as other 
pertaining to the comfort, convenience, and prosperity of the people, 
thin the powers of the States, and the Supreme Court of the United 
olds that the authority of a State over navigable waters within its 
and the shores and beds thereof, is plenary, subject only to such action 
ress may take in the execution of its powers under the Constitution to 

commerce among the several States." 

lid seem that the Just and proper relation between the Government and 
jr company is that each should bear a share of the cost of those struc- 
lich are commonly valuable to navigation and to power development. 

Where there are navigation works completed and in operation which 
» dlsadvantageously affected by the proposed power Improvements. 
b an event it would seem proi)er that the power company should bear 
nse of placing the navigation works in a condition as valuable to com- 
§ they were originally, and of the original cost of such part of those 
9 are an advantage to the development of power, the power company 
ay a proportion. Neither these conditions nor others readily concelv- 
ild warrant taking the entire burden of cost of the navigation works 
» shoulders of the Government and placing it upon the power company. 
L Where navigation works, though needed, do not exist, and where 
ctures for power development will serve well and economically to 

navigation. 

Ically follows In this case from the principles evolved for the proT^ 
it of the preceding cases that the Government should bear the cjcfteae 

structures which are purely for navigation purposes and *^^ power 

should bear the expense of those things which are purely o^ advantage 
levelopment of power, and that the Government and p'l'^^er company 

should bear the expense of those structures which p^ an advantage 
ation as well as to power development. 

Where there arc existing navigation works ur^n***ble to modem 

and future growth of commerce, and where the proposed plans of the 
ompany Include structures which will pro^'^® modem navigation 

Ve seen from the declaration of the Supre*'^ Court that the Govem- 

i not prohibit any coriwration from develo-*"^ power upon a navigable 

The Government can Justly and proper':' exercise only such control 

cessary to protect navigation. Subject ^^ "^*^' ^^^ P"^®** company 
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requires only the authority of the State, ownership of the lands and ri] 
righta, or the power to condemn them. In all essential particulars 
upon the proper relation of the National Government to power companj 
case is lEdmilar to the preceding one, in which navigation works, though 
do not exist, and where the structure for power development will sei 
and economically to improve navigation. 

The principles involved in the second case, namely, where there are 
navigation works which will not be injuriously afiPected, apply here with 
force. The principle of both parties sharing the cost of structure, whidlj 
tribute to the advantage of both interests, is not altered by the fact that 
In the one case the Government had made the needed navigation improvj 
prior to the arrival of the power company, that In the other the needed im] 
ments will be made coincidently with the construction of the works of the 
company. 

There is even a stronger reason in the case under discussion for the 
ment bearing the entire expense of the purely navigation works and a 
tion of the expense of the works which are common to navigation and 
development, for here the Government is enabled to secure navigatl< 
vantage by a partial expenditure, while in the first instance it had to 
the entire expenditure with the faint possibility that at the end of many 
some portion of the original expenditure might chance to be returned 
and that probably after the interest account alone had equaled the orli 
expenditure. 

We have tried to set forth here the complementary principle to the one : 
where Government expenditures have created water power the parties utiU 
such power should pay for it, namely, that where private interests estal 
structures on navigable streams which incidentally provide needed navlgi 
facilities, the Government should contribute to the cost of such strncti 
To a clear appreciation of the justice of this principle it should be born 
mind that the Government itself occupies a navigable river only to the ead 
necessary to protect, preserve, and improve free navigation, and has nq 
herent rights on the stream which It can deed to anyone; that the rigtili 
power, for instance, made available by the existence of natural falls or rapM 
appurtenant to riparian ownership, and the right to use it is governed by 8 
laws on the subject of private property. Where a river by the exi)enditur 
skill and labor may be made useful to mankind for navigation and for powqe 
would not be in the public welfare that the one interest should nullii(f i 
other, or that the cost of improvements which contribute to both uses of ^ 
stream should be borne entirely by either interest 

Where a power company avails itself of advantages offered by exlsfl 
structures erected for navigation purposes and in consequence recompenses 
€k)vemment, no one would look upon it as an instance of Government aid« ■ 
where the Government is asked to contribute toward the cost of a project wta 
will aid navigation, we have essentially the same relationship between pvu 
and private Interests. The development of great wasted water power, in 
use of which there can be no loss or depletion of the original store, is prop*" 
classed with navigation as a great public benefit. There is no inherent rec 
why private enterprise, the only agency acceptable under our political Um 
for accomplishing a public benefit in the one respect, should not be a par" 
of the Government, the only proper agency for accomplishing the other birr 
greater benefit. Under paternal governments, notably in Germany, w^ 
power developments as well as navigation improvements are works of 
government. 

T?*^. proposal which the Muscle Shoals Hydro-Electric Power CJompam* 
making tp the United States Government is essentially an effort to accomS 
in this coiil>try, by means in sympathy with our democratic principles, an dt^ 
which, measured by Its dignity and importance alone, is worthy to b^ 
ploited and acJC^mplished by the Government To look upon such a prolP 
as a request f or '<Jovemment aid to a private enterprise would be to pr<^ 
from a narrow ancfv provincial basis, or to close one's eyes to the imports* 
and dignity of the en^^ which it is sought to accomplish. 

Respectfully submitfe^. 

\ Frank S. Washburn, 

'^J^resident Muscle Shoals Bydro-Electric rower (^ 
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Appkndix No. 17. 

DESCRIPTION OF THE ENOINEERINO PLANS BUBXITTEB BT XUBCLB 
SHOALS HYDRO-ELECTRIC POWER COMPANY. 

By Frank S. Wasiibi'RN, 
President and Connultino Enuin^cr. 

riiATTANfKXJA. Tkns.. May 7. /.W7. 
T^o the Board of Engineers, Unilcd HtatvH Engineer dorpjt, appointed undrr an 
amendment to thr rivers and harhorn bill, second HVHHinn. I'ifly-ninth f.'owf/r#'M, 
to examine and report on plans for improving navigation and developing 
power at Musele shoals, on the Tennessee Hirer. State of Alahamn, 

<fK.NTLEMKN : — A Hr»eclal !>et of frmrteoii plaiiH wuh HPiit to oiich ni<fiiilM?r of your 
^<mnl. For the piiri»o8e of Identlllcatlon they may hi» rff#'rn?<l to nn Im-Ioiik- 
liij: to Series N. Nos. 1. 2. 4. 0, V2, 13. 14, 15, 1«, 17, IS, 2n, 21. hihI 22. 'Ili»»y 
i^Liow th«> ;;eiipral foatiires of this comimny'a proJcc:t ami roiiniift thciiiwI\(*M to 
t tie iMirtrayal of siurh things as are deteriulnlng factors in Indicating the inerltn 
of the enterprise and its limitations. 

DF.Sf KIPTFON OF MI.SfLK SHOALS. 

Tiie Mns<-le slioals on the Ttrun«.'ss*.H,. Klver, in I^wrence, Colbert, r^ndcnlnle, 
a.Lid ]Jni«>stone counties, State of Alat>ama, are at the iKiint whi-n? ttio stn^am 
passes fmiu tlie refractory res! stent Paleozoic formations lo the wifter and more 
easily ennled Cretaceous. They extend from the forit of Little Muwrle shrmlM, at 
tlie town of Florence, to the head of Kile River sbr^als, near lAtck A of tlie UnlKsil 
States C'annI, a distance of 30 miles. In this distance the river at low watfir 
iia8 a fall of 130 feet. For more than half this distance, lying chiefly from a 
I»oint opiH)slte Ixicli 1 of the United .States rHiml to a iKiint opiKisite l/tc.k tt, 
tlie river at ordinary stages is a K«frles of tuinlillng, swift-rnnning rapds, aver- 
aging from 3 to 5 feet in dejith and It miles in width. Here the refractory 
sllicjious linii'stone which comims^'s th** liott<iiii of i!i«. rr.«T has rf;slst.ed enislon 
«o strongly tliat the stream has cut bacic the iii«>nr ejmily er'Klefl tjanks and 
'^ncle for itself a broad, deeii trough wli*>sf* sid*s an; \«rrii':al massive IfHlgeiL 
^"^herever for any reasf)n hard bHlgn ro< k Is missing In tii*. cross Miction of tbH 
stream there 1ms l)e*Mi worn a d«'ep. narniw chann**!, as in the case of thu 
^alnbridge Ferry s^ntion lying between IJttie Musele slmals and Big' MiJflcl«i 
stioals, where In a distance of alKnit a mile the stream narrows from a width of 
t:liree-<iuarters of a mile to one-tifth of a mile, and widens again to fhn;<' quar- 
ters of a mile, and dwiKMis fnun n feet lo (M) feet, and shallows again fji r, ft^.t 
In the letipth t»f the shnals ther.- are t\vo distinct rock formations the con- 
tact showing in the stream bcKl between IxK-ks 5 and 6 and on th** north blfiff at 
a point between Locks 6 and 7. Both formations are massive llm^Afofi*: lying 
In almost horizontal beds, the lower one being an excessrtvely r«-frar-r/,r» mi. 
Clous rock wltli the characteristic concholdal fracttire of .linn, and forr-. -fif the 
^ f^^ndiitloM atthesit«M)fproi)osed Dams Nos. 1 and > Tim Inr^^rUr.y^rir, -jc 
Ib s*it"*^*'*^ ^^^^ '^ "'^ nflTunww, ii UJiisstve and i>earfi tive^ry .»<«;ii«knej% r.-^* r^. - » »r-«" :/ •/ 
* — ifftaot to water w&it and weather. . i .« . #..</ 

,rh Jfmr U mV ni^a ftt tut rm-^'^T^. v» '^H*v..y.'r* r 

firt«J*l. iMM ni>f»n :;ri.^r .--a. .- i*... .: -Ju^ 
Jlwa kaiMira. Ths!* 'a -..i . • - 1. •*• 

t iMft Till* n#»V.# V -.,-* '^ ^ 

— Wl *»«»f i»rr*fkr. • . m- u ir^ ^ 
^/h» «i':«*rt.*A \f -u» •;♦ . •» » ^ 
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the entrance to Elk River division shows at extreme low water a depth of 1 
foot, the 8-mlle stretch between the two divisions shows 16 inches, the Pattons 
Island channel at the lower end of the Little Muscle shoals, a stretch of 6 
miles, shows 16 inches at the head of the island, and somewhat in excess of this 
at various other points in the channel. 

The cost of the canal was approximately $3,500,000, and there has been ex- 
pended in the sixteen years of its existence for maintenance and operation 
about $1,000,000 additional. 

FUBPOSES OF THE MUSCLE SHOALS HYDRO-ELECTBIC FOWEB COMPANY. 

The purpose of the Muscle Shoals Hydro-Electric Power Company is to place 
across the river three dams 40 to 50 feet in height, with a large boat lock in 
each, forming three pools covering the entire length of the Muscle shoals, thus 
providing any depth for navigation that may be desired. The present plans 
are based upon 6 feet minimum depth over the miter sills of ttie locks. At 
each of these dams it is proposed to place a power house with g^ierating ma- 
chinery for the purpose of developing electric power. 

POWEB POSSIBILrriES. 

It is safe to count upon an average working head of 120 feet at all the dams, 
divided about equally among the three. On the basis of an average working 
efficiency of 80 per cent in the turbines, d4 per cent in the generators, 97^ per 
cent in the step-up transformers, 90 per cent in the transmission lines, and 97^ 
per cent In the step-down transformers, 60 per cent of the potential power of 
the water passing to the turbines may be delivered as useful available power. 
Consequently each thousand second-feet working under 120-foot head may be 
transformed into 8,200 useful horsepower. Ultimately the great expanse of 
the third pool may provide storage sufficient to tide over to an appreciable 
degree the extreme low flow in the Tennessee River which comes during the 
late fall and early winter of each year. Until that time, however, it is evi- 
dent, apart from an uncertain and indifferent amount of regulation which can 
be effected in pools 1 and 2, that the amount of power which can be delivered 
at any moment will be determined by the coincident flow of the stream. 

The Tennessee River Is subject to extraordinary variations in flow. It la 
believed to have dropped to as low as 10,000 second-feet at its mouth and risen 
to 700,000 second-feet. There are no consecutive discharge gauglngs of the 
river except at Chattanooga, 207 miles above the foot of Muscle shoals. They 
were made by the United States Geological Survey under the direction of the 
United States Engineers and cover the time from January, 1890, to date. The 
ten years 1896 to 1905, inclusive, are of special interest, as they seem to afford a 
long consistent low-flow period. Drawing N-1 is a stream-flow diagram giving 
the monthly mean and minimum flow of the Tennessee River at Chattanooga 
for the years 1890 to 1905, compiled from these measurements. The yeass 1896 
to 1901, inclusive, show a minimum monthly mean flow of approximately 8,000 
second-feet occurring in 1897 and 1899, a minimum flow of 4,300 second-feet 
occurring in the year 1897, and 6,600 second-feet in 1899. From 1902 to 1906, 
inclusive, the minimum monthly mean flow was 5,500 second-feet in 1904 and 
7,050 second-feet in 1903. The minimum flow which occurred in the year 1904 
was 5,000 second-feet 

Drawing N-2 is a mass diagram prepared primarily for the purpose of show- 
ing the amounts of storage required to insure any given draft on the river at 
Chattanooga, based on the gauglngs 1890 to 1905. The table at the right-hand 
end summarizes the results. The diagram shows also the number of days la 
each low-flow period, 1890 to 1905, that the stream delivery was below any 
given amount. These results are summarized in a subsidiary diagram attached 
hereto plotted to ordinates of time and flow. This diagram indicates that the 
Tennessee River at Chattanooga flowed less than 7,600 to 8,000 second-feet from 
10 per cent to 15 per cent of the time in the worst year of drought of record 
and 5 per cent of the time as applied to the entire i)eriod of ten years. 

It Is wife to assume that the long, broad, comparatively flat stretch of the 
river between the lower end of the mountain section Just below Chattanooga 
and the head of Muscle shoals acts automatically as a regulator of the flow, 
reducing the flood peaks at the shoals as compared with those at Chattanooga, 
and raising the minimum flow materially. The area of the watershed above 
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3battanooga is about 22,000 square miles and above Muscle shoals about 
2d,000 square miles. The greater area of the latter place compared to the 
former would naturally tend to increase the minimum flow. It is only from a 
eoatemplation of these comparisons that any light can be thrown upon the 
Tdation between the amount and characteristics of the discharge at Muscle 
shoals and at Chattanooga. 

The amount of horsepower which it is practicable to assume as commer- 
cially obtainable from any stream without storage facilities should be taken 
as greater than the equivalent of the absolute minimum flow of the stream 
through a long series of years. The available horsepower under the physical 
and commercial conditions before us is in part a function of the low monthly 
mean flow of an average year of drought, particularly as in the present in- 
1 Mance the difference is small between the monthly mean and minimum flow 
;: When the river is low. It is impossible to fix the basis exactly by any exact 
' Bethod of approach. It must be determined, in the absence of a long con- 
tfaiQOQs series of stream gaugings at the exact point where power is to be de- 
Tdoped, by applying the Judgment to more or less disconnected facts, and the 
lemilt of experience upon similar streams to the one under consideration. In 
the present case it is believed that 12,000 second-feet is the fiow at Muscle 
Aoais, which represents the measure of commercially available power. This 
nnder 120 feet head will give approximately 100,000 horsepower. It is pro- 
posed to install ultimately at the lower dam 50,000 kilowatts of generating 
Badflnery, as shown by Drawing N-22. However, this is not a measure of 
the amiual horsepower which it is practicable for the Tennessee Elver to de- 
i Bter at this structure unaided by storage. 

LOWER DAM. 

Ihim No. 1, the lowest on the stream, is somewhat over 2 miles above the 

IWence Railroad bridge and 205 miles by river below Chattanooga; it spans 

the river at the head of Pattons Island, where, at the height of the masonry lip 

<rf the dam, there is a distance of 4,110 feet between the rock buffs on either 

■Wft The elevation of masonry lip Dam No. 1 is 452.5 feet. The adjustabe 

f 2?*^ ®' ^® ^^™ ^^^' ''^*''® ^^*® height 5 feet, namely, to elevation 457.5 feet. 

' This is 40 feet above the proposed elevation of water in the boat channel below 

Jjlock in Dam No. 1, namely, 417.5. The boat channel as at present will be 

••tween Pattons Island and north bank of river, but the present level will be 

J*JW about 10 feet measured at the site of Dam No. 1. To maintain this 

level it is proposed to place a dam across the narrow channel at the foot 

^ ftttcms Island in accordance with the plan which we understand has already 

r mP^ tBYornbly reported upon by the Engineering Corps, United States Army. 

p™ drawings N-20, N-14, N-16, and N-13 show these matters in detail. It 

[ ^1 be se^i from drawing N-21 that the length of Pattons Island channel will 

&•• approximately 14,000 feet, and for 12,000 feet the island is above the ele- 

'' '•tkm to which the surface of the water is to be raised in the channel, and at 

10 point in the remaining 2,000 feet is the crest of the island more than 3i feet 

Wtow that elevation. Dam No. 1 forms a pool which will cover the shoals to 

[t^minlmum depth of 6 feet at every point between Dam No. 1 audi the lock in 

No. 2. This pool drowns out Locks Nos. 9, 8, and 7, Muscle Shoals Canal, 

'^ its extreme low level, namely, at the height of the masonry lip of Dam 

^ !• is at the same elevation as the surface of the water in the present Muscle 

thoals Canal below Lock No. 6. Thus, until such time as Dam No. 2 is built, 

Qto Muscle Shoals Canal will be operated down as far as Lock No. 6. Locks 

Ho§. 9, 8, and 7 and the Shoal Creek aqueduct will be submerged and aban- 

loDed. Six-foot navigation will be provided at all times from the Florence 

Railroad bridge through Pattons Island channel over the Little Muscle shoals, 

irliere the minimum depth is now about 16 inches, up to Lock No. 6. 

MIDDLE DAM. 

Dam No. 2 is to cross the river between Locks Nos. 6 and 5 of the Muscle 
lioalB Canal 8 miles above Dam No. 1. The width of the stream between rock 
lotfs at the elevation of the masonry lip is 6,533 feet. The elevation of the 
tmmmrj lip of Dam No. 2, namely, 492.5, is 40 feet above the masonry lip of 
liun No. 1. The surface of the pool formed by Dam No. 2 will be everywhere 
ot lew than 6 feet above the bottom, up to the site of Dam No. 8. The pool* 
y the addition of a 5-foot movable crest raising the surface elevation to 4074{, 
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will submerge Locks Nos. 6, 4. and 3. By deepening the canal for a abort dli- 
tance below Lock No. 2, and possibly by altering Lock No. 2 slightly, tbe whole 
of the Muscle Shoals Canal below Lock No. 2 may be abandoned after Dam Na 
2 has been constructed. Drawings N-17, N>4, N-14, and N-20 show clearly tlw 
conditions just described. 

UFPEB DAM. 

Dam No. 3 is to span the river Just below Lock No. 2 of the Muscle Sboali 
Canal, and approximately 8 miles above Dam No. 2. Here the stream between 
the rock walls at the elevation of the masonry lip of the dam is 6,126 feet wida j 
The elevation of the masonry lip is 40 feet above the masonry lip of Dam Na %\ 
placing the extreme low level of the pool above Dam No. 3 at elevatioa C32Jkl 
^his is 2 feet above the low water at Decatur, 27 miles above Dam No. 8. The! 
addition of a movable crest on Dam No. 3 will enable this surbce to be raised 5l 
feet at least. The extreme low- water level of the pool submerges both locks dm 
the Elk River division of the Muscle Shoals Canal and provides not less tlian (| 
feet navigation to Decatur. 

Thus it will be seen that the plan for the three dams provides any deeintfl 
depth of navigation within reasonable limits from the Florence Railway brldpf 
to and above Decatur, covering the entire Muscle shoals and the shallow banj 
within their limits and above and below, a distance of over 45 miles. Dran 
N-18, N-15, and N-14 show these conditions in detail. 

By reference to drawings N-13, N-4, and N-15, showing the river son 
at the sites of Dams Nos. 1, 2, and 3, respectively, it will be seoi tiiat I 
depths over the foundations at low water, except in a few possible ieolatt 
holes, are not to exceed 3 feet at Dam No. 1, 5 feet at Dam No. 2, and 4 feet i 
Dam No. 3. An examination of the river at these points will show that f 
bottom of the river is clean, hard, close-textured, silicious limestone, "dMrt^ 
containing probably over 80 per cent silica. There is no gravel or other i 
terial on the bottom. At side of Dams Nos. 1 and 2, there are islands in i 
river formed by silt deposited upon the old rock bottom of the rivar. 

LOCKS. 

Drawings N-6 and N-12 show the locks proposed for Dams Nos. 1 audi 
and are copied from designs of Hales bar lock, now under construction at t" 
'* Suck " below Chattanooga. The dimensions of these structures are sndi I 
to bring the unit of stress upon the masonry, the posftion of the resultant i 
factor of safety against overturning within the limits prescribed by the r^ 
neering Corps of the United States Army for such structures. The purpose bl 
the lock plans was to follow what has already been approved by tbe Wtf| 
Department 

ESTIMATES OF COST. 

The detailed estimates of quantities and cost submitted herewith are for, fW 
the locks, Including the labor of setting the gates and their anchorages, but «fr 
eluding gates and appurtenances, power plant, pumps, lock tenders, houses, etc; 
second, the dams complete, including 5-foot movable crests; third, the snbstm 
tures of power houses, excluding gates, penstocks, and appurtaiances. The «< 
of generating machinery, switchboards and appliances, protective appanttfl 
transformers and transmission lines, power-house superstructure, and bnildloflj 
of all kinds Is not included in the detailed estimate because in the matter 
lock machinery and appurtenances the type and design, and consequently ttt 
cost, would be determined entirely by the Corps of ESngineers, United StaW 
Army, and as regards the detailed estimates of the generating and transmifr 
slon machinery the Government Is not Interested directly, as the particular de 
sign has no bearing and the cost Is to be borne entirely by the company. 

The total cost of the power-house superstructure and other buildings on the 
basis of 100,000 kilowatts generating equipment takoi from the company's d^ 
tailed estimates will be $360,000; generating and transforming equipment 
13,200.000; transmission lines and right of way, $2,100,000; substation land an* 
buildings. $140,000; substation equipment, $700,000. These sums added to tbe 
$10,720,000, estimated cost of locks, dams, and power-house substructure, dve 
$17,220,000. ^ ^ 

If there were added to this the cost of the land required on the T^inessee 
River and the gates, machinery, and other appurtenances of the locks, the sua 
would represent the total investment involved in carrying out the plans u» 
sented for your consideration. 
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SUMMABY. 

The plana here preseoted are not plana of three Independent navigation and 
ower plants. The three units are necessary parts of one whole, particularly in 
iew of the vital effect of regulation of flow at any dam upon the development 
•f power at the one or more dams helow and upon navigation. 
It is not proposed to hold back at any time any portion of the minimum flow of 
he river requisite for navigation purposes. Such regulation as may be possi- 
ble will inevitably be of advantage to navigation, but in the interests of both 
>ower development as well as navigation the regulation and use of water at all 
:he dams must of absolute necessity be in the hands of a single corporation. 
Respectfully submitted. 

MuscLs Shoals Hydbo-Blkctbio Powsb Ck)MPAirr, 
By Fbank 8. Washbubn, 

Pre9ident and Consulting Engineer. 



MU8CLK SHOALS HTDBO-KLEOTBIO POWXB OOMPANT. 

fetimated quantities and C09t9 of three dams uHth looks and power-house sulh 
structures. May 7, 1907. 

[Submitted with the piij)er immediately preceding.] 





Unit of 
quantity. 


Unit 
price. 


No. 1. 


No. 2. 


No. 8. 


Item. 


Quan- 
tity. 


Cost. 


Quan- 
tity. 


Cost. 


Quan- 
tity. 


Cost 


•^ (excluding jpates 
^Kd machinery) : 

Rork ,— . 


Cubic yards. 
- -do- 
Peet-- 

Cubic yards- 
do 

Tons 


.40 

27.00 

«.75 
8.25 
9.00 

15.00 


26,000 
2,500 

1.100 

00,000 
4,000 
6,000 

600 


188,080 
1,000 
80,000 

406,000 
88,000 
54.000 

9,000 
5,000 


26,000 
2.800 
1.100 

60,000 
4.000 

6,000 

600 


188,000 

1,000 

80,000 

406,000 
83.000 
54,000 

9,000 
5,000 


80.000 
2600 
1.100 

60,000 
4,000 

6,000 

600 


146.000 
1.000 
80,000 

405,000 
88,000 
64,000 

9,000 
6,000 


Oofferdam. 

Ooncrete— 
Oyclopean — 
Foundation-—. 
Structural 

Fladng gates, 
anehorages, etc 

Bigrading 


Total .. 






675,000 




575.000 


48.000 

8,000 
11.000 

288,000 
47,000 
6,860 


682,000 








........ 


«in complete: 
Excavation^ 

Bock ... 

Earth— 

Ootrerdam 

Ooncrete— 

Oydopean 

Toundation — 
Oireat^ 


Cubic yards. 

"Feet..I.T~ 

Cubic yards. 

do 

Feet 




1.50 

.40 

27.00 

«.75 
8.26 
50.00 


84,000 
40,000 
4,000 

180,000 
25,000 
8,800 


61,000 
16,000 
106,000 

1.215,000 
206,000 
165,000 


58,000 
60,000 
7,000 

270,000 
50,000 
5,900 


80,000 
28,000 
189.000 

1,828,000 
412,000 
296,000 


72,000 

1,000 

297,000 

1.606,000 
888,000 
862,000 






TV^tft' 








1,761,000 





2,827,000 


.... — 


8.686.000 






^nrer-bouM Buh- 
ftmeture: 

Bock. 

Earth 

Taflraoe, exca- 
vating rock 

Oofferdam 

Oonerete— 

Oydopean — 

Stmctura] 

Slope paving 

StraetoraliteflL.. 
Bagrading 


Cubic yards. 
do 

do 

Fesi. 

Cubic yards 

do 

.. .do... . 
do 

Tons 


1.50 
.40 

1.60 

27.00 

6.75 
8.25 
9.00 
3.00 
O.OO 


13.000 
8,000 

60.000 
1.700 

15,000 
5,000 

80,000 

2,000 

400 


90,000 
1,000 

75,000 
46,000 

101,000 
41,000 
270,000 
6,000 
86,000 
6.000 


12,000 
2,000 

48,000 
1.700 

15.000 
5,000 

28,000 

2,000 

400 


18,000 
1,000 

72,0001 
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It is In effect a railroad itself, with an infinite number of tracks and sidings, 
with no fixed charges nor interest to pay, with a free and perpetual easement 
upon its si^rface to the rolling stock of all alike and free of cost 

The history of traffic shows that at somewhat regularly recurring intervals 
a state of great congestion exists, and we are now face to face with one of these 
crises in the history of American transportation facilities. So vital a question 
has it become that it has now made the subject of special articles running 
through different magazines, and is also made the subject of debate before the 
leading industrial and commercial organizations of the country. In this ex- 
tremity the people have turned to the rivers. A great organization has been 
formed, national in its scope — ^the National Rivers and Harbors Ck>ngre8B— for 
the purpose of moving Ck)ngre68 to adequately support the improvement of our 
rivers. President Roosevelt has stepped forward in recognition of the great 
Importance of the subject and the prevailing public demand, and upon his 
own initiative has appointed a nonpartisan commission for the purpose of ex- 
amining into the conditions of the country as they pertain to the internal natural 
ways and recommending to Congress a comprehensive plan for their improve- 
ment and control by the Federal Government TMs Commission will view the 
situation in its entirety and in Its broadest scope, and, therefore, will not be 
local in function or give specific recommendations pertaining to specific improve- 
m^its upon specific rivers, all of which individual situations will undoubtedly 
come before such distinguished boards of Government engineers as your own 
for particular and individual investigation and recommendations. 

It is pertinent to add that the Presidents Commission is made up of the follow- 
ing gentlemen : Hon. Theodore H. Burton, chairman ; Senator Francis G. New- 
lands, Senator William Warner, Hon. John H. Bankhead, Gen. A. Mackenzie, 
Dr. W. J. McGee, Mr. F. H. Newell, Mr. Gifford Pinchot, Hon. Herbert Knox 
Smitli. In the appointment of the Commission the President very aptly states : 
** In creating this Commission, I am influenced by broad considerations of 
national policy. The control of our navigable waterways lies with the Federal 
Government and carries with it corresponding responsibilities and obligations." 
The President also points out in his letter appointing the Commssion a number 
of startling facts of great concern to all the people. He holds that a compre- 
hensive plan should be devised for considering all uses to which any river or 
stream may be put, and that they be brought together and coordinated in a 
manner to do fullest Justice to all uses. He points out the fact that the rail- 
roads are no longer able to move the great crops of the country and the prod- 
acts of the factories; that there are neither railway facilities sufficient nor 
cars and locomotives in sufficient quantities, nor do the railroads reach all 
the sections requiring transportation. He points out that although the prod- 
ncta of the north interior States, for example, have doubled in ten years, the 
railway facilities have increased but one-eighth: he holds that there appears 
to he only one remedy as a cure for this situation, the distressing features of 
which are rather increasing than abating, and he advises that there is but 
one complete remedy and that is the development of a complementary system 
of internal transportation by water. 

The Tennessee Kiver stands sixth in importance in point of size among the 
rivers of the United States, and equals in the discharge of its water the com- 
bined discharge of the Ohio and Cumberland. Not only because of Its great 
rise, but also because of the vast country tributary to it so prodigally endowed 
with the best and most valuable resources of nature, and the products of the 
farm and factory, must it be regarded as one of the most important of the 
Kln^s highways. This great river bears a broader aspect to the situation as 
a whole than purely local significance would give to it. 

Navigation at any point on the Tennessee River is as imi)ortant and desir- 
able to the merchant, manufacturer, and shipper in New Orleans as it would 
be to similar interests in Knoxville, Tenn. But the river fails to serve its 
fanction as a commercial highway until the obstructions to navigation which 
nature has placed there have been removed, and therefore consideration of 
this artery of commerce must necessarily reduce itself to the consideration of 
the removal of such barriers at the least cost to the Government. 

The President's Commission will doubtless view no river situation more 
richly endowed with natural advantages than the Tennessee River, and the 
^idowment of this river in so prodigal a fashion will cause the few impedi- 
ments to navigation to be considered as insignificant blemishes. 

Snch opportunities as represented by this particular river, if in France, 
Holland, Belgium, or Germany, although on a much smaller scale, would be 
seisEed upon by these several governments and improved at very great cost 
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In these countries small canals even have become an Indispoisable part of 
their industrial, commercial, and military power. This statement is quoted 
from Senate Document No. 83, first session, Fifty-ninth Congress. The same 
document also makes the statement, referring to the Tennessee BIt^: "No 
other river in the United States has a course along which such vast and in- 
exhaustible resources of industry and commercial wealth are stored." Nature 
has blessed the Tennessee River in a way in which few other great rlTers are 
favored. Touching upon this thought, it is well to quote from Major King- 
man's report to the Chief of Engineers, 1900-1901, as follows : " Owing to the 
hard bottom and stable banks and ample discharge, the river is particularly 
favorable for improvement It never freezes, and therefore escapes one of the 
principal obstructions to navigation found in most fresh-water rivers." 

It is not cont^ded that the present limited traffic upon the Tennessee River 
warrants the expenditure of the total cost of the Muscle shoals improvements. 
Its present traffic, however, is not at all a fair measure of the stupendous 
traffic which will eventually traverse these waters when the riv^ is clear of 
all obstructions to navigation. The growth of the country is being held bad[ 
awaiting tills corrected situation to evratuate. Does anyone doubt that with 
the rapidly increasing population of this country, the like of which has no 
record in past history or in present conditions elsewhere, and the exhaustion ol 
new lands in the far West that the hum of industry will be heard from one end 
of the Tennessee Valley to the other? Great areas of land which thus far have 
not been subdued will be put under the plow, and present agricultural districts 
which have been unable to produce certain crops with a margin of profit will 
change to new crops which theretofore would have been impossible, on account 
of the high cost of moving these crops to a market after they have been pro- 
duced. The change will add many per cent to the values of lands of all de- 
scriptions, and the resources to the Government and to the State In taxation 
will be correspondingly increased, not to mention the wealth which will be added 
to society by the resulting increase in population, which in itself will give a 
new impetus to the development of the country's resources. 

This picture may not in itself warrant the Government in assuming the many 
million dollars of great expense which the improvement of navigation woold 
entail, but at this point the local significance of the collateral feature to navi- 
gation looms into great prominence. The country for 100 miles or more adjacent 
to the situation of the three dams proposed by the Muscle Shoals Hydro-Electric 
Power Company will be beneficiaries as a result of the energy of the river, 
heretofore wasted for countless centuries, being converted into industrial power 
and transmitted to their shops and factories for utilization. This Incidentil 
advantage the Industrial people will get in the same way the commercial con- 
muni ties will be benefited by navigation. The industrial people, through the 
agency of a quasi public corporation such as the one now before you, will be 
so much benefited by the realization of a cheaper and better form of power 
being dispensed to them that they, through the agency of such a company, can 
well afiTord to pay a part at least of the cost of the improvements necessary 
to promote good navigation. These two interests run parallel in their sym- 
pathy. 

The Government itself has no function by which it can do the thing proposed, 
to be done for the benefit of the industrial people, for its powers extend to 
navigation alone. This is a right which the State itself can utilize and ext«ut 
to any of its agencies such as the one before you ; so that perhaps it might b© 
considered always fortunate if the Government when confronted by navigation 
difiiculties would find a power possibility as an additional and important fea- 
ture of the situation, which in itself is sufficiently attractive to investors to taJke 
bold of in connection with navigation improvements and to bear their Just pro- 
lx)rtion of the cost thereof. 

Tho disinterested citizen would likely contend that in an improvement of this 
dual nature where the navigation feature is national in aspect and where the 
power feature is local, that the division of expense should be in a ratio pro- 
l)ortioning tlie larger share to the Government and the smaller to the power 
company. This company comes before you in the attitude of an inventor and 
discoverer of a plan and a possibility, which together with an equipmoit 
I)ecullar to itself offers to establish navigation at much less cost to the Govern- 
ment than the Government can do itself or can have It done by any other 
agency. This company will be prepared at a later hearing to prove the truth 
of this and all its contentions. It is true that our plan contemplates the 
<iompletion of the navigation project in three steps seimrated not only by several 
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miles In distance but possibly several years in time as well, and the objection 
may be offered that the doing of this step by step will give additional naviga- 
tion in such small increments as to be of little value until the three steps as a 
whole have been entirely accomplished. We feel, however, that approaching 
the solution of this great problem in three installments with a definite assurance 
ahead, is a vast improvement upon what history records of the situation in the 
past, where much has been said but nothing of practical value been accom- 
pilBhed. 

In behalf of the company I wish to thank you for your thoughtful attention 
to what has been presented to you in my remarks. 
Respectfully submitted. 

Muscle Shoals Hydro-Electbio Power Cc, 
By OUAS. U. Baker. 

Second Vice-President. 
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BZSTORY 07 inrSCLE SHOALS HYDRO-ELECTRIC POWER COXFANY, AND 

WHAT IT CLAIMS. 

By Frank S. Washburn, 
Pre9ident of the company, 

Chattanooga, Tenn.. May 7, J907, 
To the Board of Engineers, United States Engineer Corps, appointed under an 
amendtr^ent to the rivers and Jwrhors hiU, second session. Fifty-ninth Con- 
gress, to examine and report on plans for improving navigation and developing 
power at Muscle sfioals, on the Tennessee River, State of Alabama. 
} Gentlemen: The deyelopment of power at Muscle shoals, on the Tennessee 
Blrer, hAS been projected by yarlous interests during the past ten years. Many 
different plans have been formulated with more or less definiteness. They 
divide themselves naturally into three kinds: 

Ilrst. A canal tailing the water at or below the head of the shoals and carry- 
ing it to some point below on a grade less than the slope of the river, and gen- 
erating power from the fall of the water at the lower end of the canal. 

Second. A series of dams across the shoals of such moderate height, not ex- 
ceeding 12 to 18 feet, and so placed as not to cause submergence of the Muscle 
Sboals Canal. Power was to be generated by the fall of the water at the dams. 
Third. The construction of high dams across the river and the consequent 
vnbmergence of the Muscle Shoals Canal. Power is to be developed at each of 
tbese dams by the fall of water at the dam. 

The first plan is impracticable because of the prohibitory cost of the canaL 
Jjeangth sufficient to obtain a practicable worlsing head of water, the broken char- 
acter of the country along either bank of the river, and the enormous cross sec- 
tion necessary to carry sufficient water to generate a reasonable quantity of 
power are problems the solution of which is only possible by an expenditure 
Incommensurate with the value of the power which could be produced by this 
plan* 

The second plan involves a series of low dams averaging at least a mile in 
>ywg»^, the foundations of which would be extremely expensive as compared with 
the power which could be developed. The difficulty in maintaining a working 
difference of level between the head-water and tail-water in times of fiood in the 
Tennessee River would prove so great in the case of low dams as to render their 
use inexpedient. 

The third plan is believed to be the only practicable one from the standpoint 
of private interests, and the only one which conserves the public interest, for it 
. stands absolutely alone and unique in making available the entire head of the 
shoals and the entire volume of the river so far as any structural limitations 
are concerned, and provides navigation over the shoals of the Tennessee Biver 
in accordance with modem requirements and future demands. 

The Muscle Shoals Hydro-Electric Power Company was incorporated under 
the laws of the State of Alabama, on the 11th of October, 1006, with an author- 
ised capital stock of $1,000,000, $252,000 of which was paid in. 

ESarly consideration of the situation indicated, in the judgment of the com- 
pany's agents, that there were certain broad principles for the treatment of 
Muscle shuals to which any project must subscribe to be ultimately successfuL 
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First. Transformation of tbe potent ial iM>wer of tbo river at Muscle shoali 
Is looked upon as a great public beneflr. It Is an instance of developiug uat- 
ural resources for the use of man comparable to removing ores and coal fi-om 
the earth, logs from tbe forest, and fruits from the soil. It has this happy dis- 
tinction, however, that the supply can not be one whit exhausted In use. For 
as long as the sun shines so Inng will the rains fall and the waters flow witli 
undiminished volume. The Tennessee River at Muscle shoals will be able to 
transform power to the uses of man without sensible diminution long after the 
coal deposits, the only other known practicable source of power, have been ex- 
hausted. Accordingly, in the public interest, the first requisite of any plan for 
the development of power at Muscle shoals would seem to be that in its ulti- 
mate development it shall conserve all the power which nature has so benefi- 
cently furnished. 

Second. No plan may be viewed as suitable which on the one hand restricts 
navifiation at the present time, or, on the other, makes impracticable the 
adoption of any navigation improvement whioh may be demanded in the fntorb 

The most important question in the industrial development of every coimtrT 
is transportation, and in no country does transi)ortation reach the extraordinary' 
lmrK)rtance that it has in the United States. No part of this country is so 
dependent upon the proper solution of the transportation problem as the 
Mississippi Valley, and no portion of the Mississippi Valley will profit from 
improved inland-river navigation to the same extent as the Tennessee River 
drainage basin. 

The rich and extensive undeveloped resources of the region tributary to the 
Tennessee Kiver. the cheap and bulky character of the products of this region 
which makes even the minimum cost of railroad transportation practically pro- 
hibitory, and the great area to be served, as extensive as that of the whole of 
England, will demand navipition facilities on the Tennessee River of the most 
coniiirehensive and modern type. This means ultimately that lateral canals and 
attendant numerous locks must be abandoned, particularly at Muscle shoals, 
where the topographical features are such that marked improvements in the 
canal can be made only at prohibitory cost if at all. Accordingly, the second 
re<iuisite of any plan would siH»ni to be that it shall in itself provide for suitable 
nnvipition facilities, or at least shall not prohibit the adoption later of the most 
advanced and capacious means for navigation, namely, the forming of deep 
shu.'k-woter i)ools. 

When the Muscle Shoals Hydro-Electric Power Company came to review the 
legislation had in Washington bearing upon the development of power at 
Muscle shoals it promptly discovered that the bill of March 6, lOOG, entitled 
**An not to authorize the construction of dams and power stations on the Ten- 
nessee River at Muscle Shoals, Alabama," in effect prohibited the adoption of 
any |ilan which subscribed to the two principles just enumerated. The bill 
provides that the construction therein authorized shall not interfere with the 
naviprntion of the Muscle Shoals Canal, and limits the territory in which devd- 
opnient of power may be made to a region whose lower limit is considerably 
alHi\e the foot and the upper limit considerably below the head of the shoals. 

Tile plans originally submitted to the War Department by the Muscle Shoals 
Hydro-i:iectrlc Power Company provided for two dams. dro>vning out the Little 
Mus<^le shoals and all the locks of the Muscle Shoals Canal except Nos. 1, 2, and 
3. These plans were referred to Maj. 11. C. Newcomer, Corps of Engineers, who 
reiH^rted that their general features were considered more favorable to the 
interests of navigation than any plans hitherto contemplated, but stated that 
it would be much better to include three dams and locks in the beginning by pro- 
viding: navia::ition over the entire Muscle shoals and entirely eliminating the 
Muscle Shonls and Elk lllver Shoals Canal. Major Newcomer recommended 
that this change he made if practicable, and accordingly it has been done. 

The whole situation was clearly comprehended by the Hon. William Richard- 
son, of Alabama, the author of the original bill, and a subsequent bill was intro- 
dinM^.l in Congress by Judge Kicliardsou on January IS, 1907, and referred to 
the ('«»n unit tee on Uivers and Harbors. It Is entitled "A bill for the purpose ^ 
inipioxing the navigation of the Tennessee River over the Elk River shoals and 
the }V\iz anrl Little Muscle shoals, and for other purposes." The first section 
provides that the Muscle Shoals Hydro-Electric Tower Company shall have 
authoiiiy to en^ct and use perpetually three dams in and across the Tennes- 
see Itiver at Muscle shoals, in the State of Alabama, so designed as to incor- 
IKn-ate the necessary conduits, gates, and other appurtenances necessary for the 
utilization of water power: the first of s-iid dams to be located at the foot of the 
Little Muscle shoals, the se«-ond of the s;iUl dams to be located midway of and 



TENNESSEE BIVEB. 49 

across tbe Big Muscle shoals, and the third of the said dams to be located 
across the Big Muscle shoals at or near Lock No. 2 of the United States Canal, 
in such positions relative to each other and of such heights, rei^)ectlvely, as 
shall develop slack water covering the entire UlU in the Tennessee Biver at 
ordinary low water from the beginning of the Elk Biver Bapids to the end of 
the Little Muscle Shoals Bapids, and to construct a lock in connection with 
each of the said dams as a part of itself. The company is authorized to oper- 
ate a power station in connection with each of the dams, such construction to 
be subject always to such conditions and stipulations as may be imposed by 
the Chief of Engineers for the protection of navigation, and the property and 
other interests of the United States. It is provided further that the company 
in the operation of its power plants shall not disturb the levels of the slack- 
water pools created by the erection of said dams above or below limits to be 
prescribed by the Chief of E^ngineers. The company is to grant to the United 
3tates free of cost the use of water for water power for operatbog the locks, 
and it is provided that the company shall be liable for any damage that may 
be inflicted upon private property, and the company shall make no claim against 
the United States for failure of water power. 

The second section provides that detailed plans and specifications for the 
work in view shall be submitted to the Chief of ESngineers, and no departure 
shall be made from the plans without first obtaining the approval of the Chief 
of Engineers, it being understood that the dams authorized by this bill will make 
practicable the entire abandonment of the present Muscle shoals canals along 
the Big and Little Muscle shoals and the Elk Biver shoals. 

The third section provides that in consideration of receiving title to the locks 
and land necessary' in connection therewith, and of the benefits to be derived by 
the United States from the improvement of navigation, the United States is to 
pay for the said locks and appurtenances thereof, together with one-half the cost 
of the first of the dams to be erected. 

The fourth section provides that all the rights acquired onder this act shall 
cease if the company shall fail at any time to comply with any of the provisions 
of the act or any of the stipulations which may be prescribed by the Chief of 
Engineers for the conduct of the construction operations, or in case the company 
shall fail to begin the erection of the first dam within three years after being so 
authorized by the terms of the act, and shall fail to complete the same within 
three years thereafter ; and shall fail to begin the erection of the second dam 
before the spill water over the first dam at ordinary low water shall be dimin- 
ished by utilization for power purposes to the equivalent of five thousand horse- 
power, and shall fail to complete the same within three years thereafter; and 
shall fail to begin the erection of the third dam before the spill water over the 
second dam at ordinary low water shall be diminished by utilization for power 
purposes to the equivalent of five thousand horsepower, and shall fail to com- 
plete the same within three years thereafter. It also provides that the failure 
to exercise this authority for the construction of the second or third dams, or 
both of them, sliall not operate to terminate the rights pertaining to the first 
dam. It provides also that the Secretary of War, upon the recommendation of 
the Chief of Engineers, may extend the time of completion of either of the dams 
upon the proper showing of good faith by the said company that it has been 
subject to unavoidable delays. 

The fifth section provides that the act shall not be construed as modifying 
any of the existing provisions of law in reference to protection of navigation 
and repeals all acts heretofore in effect in reference to the movement of navi- 
gation over Muscle shoals. 

This bill was viewed with favor by the Committee on Bivers and Harbors, 
and was referred by the Hon. Theodore E. Burton, chairman, to the Chief of 
Engineers. 

General Mackenzie, under date of February 12, 1907, made a report to Chair- 
man Burton in which he raised various questions and made a number of sng- 
gestions, the last one being that any proposition involving Injury to or 
destruction of the Muscle Shoals Canal was a matter of so much importance 
that it should receive at the hands of the War I>ei)artment a more prolonged 
consideration than it was possible to give the matter without delaying a report 
beyond the close of the Congressional session, and suggested that sufficient time 
be allowed the Department to investigate and consider the plan through a 
Board of Engineera Accordingly, an amendment was then provided to the 

H. Doc 781, 60-1 i 
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rivers and harbors bill authorizing the Secretary of War to appoint a Board 
of P^ngineers whose duties should be — 

First. To examine the present condition of the United States Canal and the 
Tennessee Biver from the head of EUk Biver shoals to the Florence Railway 
bridge, with a view to permitting the improvement of this stretch of river by 
private or corporate agency, in conjunction with the development of water 
power by means of not more than three locks and dams. 

Second. To examine any plans presented by such agency, private or cor- 
porate. 

Third. To report whether structures built uix)n these plans can, without 
injury to navigation, or with advantage thereto, be used to develop water 
power. 

Fourth. To determine what portion, if any, of the exi^nse of the work should 
be borne by the United States. 

Fifth. To report its findings not later than the first Monday in December, 
1907. 

The amendment further provides that until this Board shall make its report 
and action shall be taken thereon by Congress no permits shall be issued under 
the provisions of the act approved March 6, 1906. 

Representatives of the Muscle Shoals Hydro-Electric Power Company are this 
day before the honorable Board appointed in accordance with the leglslatioa 
referred to in compliance with an invitation extended that company to appear 
before the Board at its first meeting. 

A special set of plans was sent to each member of the Board by invitation. 
They show the general features of the project, confining themselves to the po^ 
trayal of such things as are determining factors in indicating the merits of the 
project and its limitations. 

The imiK)rtance of the subjects referred to your Board demands more than 
merely passing judgment upon the technical merits of engineering plans. It if 
no exaggeration to say that the engineering features, except in their broader 
aspects, are relatively unimportant. If the engineering project here presented 
for your consideration in its broad outlines conserves to the highest possible use- 
fulness the navigation possiblltles over Muscle shoals and the potential powa 
of the river, tlien the extent to which the United States Government will co- 
operate with the Muscle Shoals Hydro-Electric Power Company will, we believe, 
determine whether these benefits will be secured to the people of this county. 

We recognize further that there are involved as factors of more or leas 
weight questions of time, precedence, safeguards, guaranties, costs, and other 
questions. To present to you at this time much more than a mere statement 
of where these ramifications may probably carry the investigation is believed 
to be impracticable. It is natural that the members of the Board should first 
want a physical core abont which to crystallize their ideas, and the order in 
which the duties of the Board are mentioned in the bill constituting it seems 
to have had this in view, namely : 

First. Examination of the ground; 

Second. Examination of the plans; 

Third. To determine the effect of the plans upon navigation and the develop- 
ment of power; and 

Finally. To determine what portion, if any, of the expense of the work should 
be borne by the United States. 

Accordingly, we present you now this short history of the enterprise which is 
responsible for the presence here to-day of your Board and ourselves, and 
spread before you our engineering plans, with suitable written descriptions. 
We will defer laying before you the specific facts as we see them bearing upon 
the final question referred to you until you have had the opportunity of yisittng 
and examining the Muscle shoals. We beg your indulgence this day in one 
additional thing — namely, consideration on your part of what we believe to be 
the really national importance of the subject before you and the proper sphere 
of Government in such matters. 

Before closing, in order that you may know specifically what we desire to 
bring before you later, and, if I may be permitted to lapse into a usual form of 
legal procedure in presenting a case to a judicial body, I will state what the 
Muscle Shoals Hydro-Electric Power Company expects to prove : 

First. That the most meritorious and only practicable plan for securing ade- 
quate transportation on the Tennessoe River is to abandon the Muscle Shoals 
Canal and provide slack-water navigation over the whole of Muscle shoals 
from the foot of the Little Muscle shoals to the head of Elk River shoala 
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Second. That if the entire cost of navigation improvements by slack water 
must be borne by the United States Government the accomplishment of the task 
wili be delayed many years. 

Third That the amount of power practicable of development at Muscle 
shoals has been greatly overestimated and that if the entire cost of the neces- 
sary structures for power and navigation were to be borne by the power enter- 
prise it would be wholly impracticable commercially, and would remain so for 
an indefinite period. 

Fourth. That the cooperation of the United States Government in this mat- 
ter, to the extent of bearing the cost of the locks and one-half the cost of the 
dams can not be fairly viewed as a case of Government aid to private enterprise, 
but rather as a subscription by a private corporation to work which must other- 
wise ultimately and properly be borne entirely by the Government 

Fifth. That the cost of developing the unit of power has been greatly under- 
estimated, and the rate at which power can be sold when developed has been 
greatly overestimated. 

Sixth. That it is wholly impracticable from the investor's standpoint and 
undesirable in the interests of the public that the power at Muscle shoals should 
be developed by a number of private interests instead of by a single corporation. 

Seventh. That the proper relation of the United States Government to the 
proposed Muscle shoals development has no counterpart elsewhere, and can not 
be compared properly with any combined power and navigation enterprise whi(^ 
has been projected up to this time. 

Eighth. That the United States Government has already committed itself by 
definite legislation to a policy which aids power enterprises upon navigable 
streams to a much greater extent than is asked in the present instance, and that 
cooperation in the case under consideration is a natural corollary to what has 
been declared by Congress to be the proper relationship between the Govern- 
ment and private enterprises where navigation works have already been con- 
structed. 



Respectfully submitted. 



Muscle Shoals Hydro- EIlectbic Poweb Ckx 
Frank S. Washburn, President. 
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LEGAL FOTTHDATION TTFON WHICH BESTS THE WATEB-POWEB PBOJSCT 
07 THE MTTSCLE SHOALS HYBBO-ELECTBIC POWEB COXPAHY AT ELK 
BIVEB SHOALS AND MTTSCLE SHOALS, TENNESSEE BIYEB, STATE 07 

BY THE GENERAL COUNSEL OF THE COMPANY. 

New York, October 22, 1901. 
To the Board of Engineers, United States Engineer Corps, appointed under an 
amendment to the rivers and harbors hUl, second session Fifty-ninth Con- 
gress, to examine and report on plans for improving navigation and deveHop- 
ing power at Muscle shoals, on the Tennessee River, State of Alabama. 

FEDERAL AND STATE CONTROL OF RIVERS. 

Gentlemen : In tbe beginniug of our country's bistory the people organized 
themselTes into thirteen separate colonies, or States, each State being a sor- 
ereign in itself, and clothed with all the attributes of sovereignty. Bach State 
constituted itself into a government which derived its powers and authority 
directly from the people of the State, and the State government was admin- 
istered by agents of the people chosen from among them. Later a federation 
of all the thirteen States occurred, and a central government was organlsedt 
caUed the United States of America, which possesses only such powers and 
authority as were expressly conferred upon it by the several States as set 
forth In the instrument known as the Ck>nstltution of the United States. 

When In the growth of the Union of States, other States applied for and 
became members of the Union, they became parties to the scheme of Govern- 
ment thus centralised In the United States of America. Under this scheme 
the United States as a nation became the sovereign, supreme only and to ttub 
extait set forth in the Constitution, and only to the extent given and reltn- 
qnlahed to It by the several States. Any rights, powers, and authorltlai whldi 
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the States did not relinquish to the central Government speclflcally as set forth 
in the Constitution, they held and do now hold unto themselves absolutely, 
and each State, therefore, is a sovereign, supreme oyer its own domain and its 
own people to the extent that it has reserved for Itself its rights, powers, and 
authority, and has not relinquished the same to the central Goyemment. 

As respects the resp^stive authority of the Federal Goyemment and the 
government of the individual States regarding the navigable streams, the line 
of demarcation is definite and clear. The navigable rivers of the country have 
from the conmiencement of our history been regarded as the public hii^ways 
of all the people, for the purpose of promoting the convenient commerce of the 
people from point to point or from State to State. The wisdom of our fathers, 
therefore, is apparent when they caused the several States to vest in the Fed- 
eral Government the regulation of internal commerce over the navigable rtven 
of the country. 

The power to regulate commerce and navigation was therefore expresaly con- 
ferred upon Ck)ngre8S by the States in the Constitution of the United States, 
and such power as therein expressed is simply "to regulate conmierce with 
foreign nations and among the several States, and with the Indian tribes" 
(Article I, paragraph 8, clause 8.) All other properties and functions ot navi- 
gable rivers and all properties of unnavlgable rivers, such as water power, 
irrigation, water supply for domestic use, etc., have been withheld by the severtl 
States unto themselves perpetually, each of the States assuming to manage tat 
itself in any manner It sees fit as the sovereign of all its people, all propertiei 
and functions of rivers, excepting navigation alone, which has been delegated u 
aforesaid. The Supreme Court of the United States has repeatedly adjudicated 
and determined the question of the respective interests of the United States 
and of the States in the navigable rivers of the country, and as touching upon 
this point I cite the following case : 

In Kaukauna Water Power Company v. Green Bay and Mississippi "«i 
Company (142 U. S., 254) the court held that— 

" If, in the erection of a public dam for a recognized public purpose (in that 
instance to improve the navigation on the Fox River, in the State of Wisconsin), 
there is necessarily produced a surplus of water, which may properly be used 
for manufacturing purposes, there is no sound reason why the State may not 
retain to itself the power of controlling or disposing of such water as an Incident 
of its right to make such improvement." 

The court further remarked : 

"As there is no need of the surplus running to waste, there was nothtng 
objectionable in permitting the State to let out the use of it to private parties^ 
and thus reimburse itself for the expenses of the improvement." 

As touching more closely upon the particular subject of the Tennessee River, 
or that portion of it within the State of Alabama, which, therefore^ includes the 
Muscle shoals and Elk River shoals, I refer to the case of Pollard v, Hagan 
(44 U. S. (8 Howard), 212) in which the court holds that the State of Alabama 
has the title to the beds of navigable streams within its borders, the same ai 
do the original thirteen States. That decision has been reaffirmed and fol- 
lowed in many later cases by that and other Federal courts until it must be 
regarded as settled beyond possibility of question. In this connection I refer 
also to the ease of St. Anthony Falls Water Power Co. v. Water Commissioners 
of St. Paul (168 U. S., 300). 

The State of Alabama owns the fee to the bed of its navigable streams and 
the properties of such streams, while the Federal Government has the absolute 
and unlimited power to control the water of the same for navigation pnrpoeei 
only. This right of the Federal Government, as stated before, flows from the 
clause in the Constitution, as recited above. 

Each State has thus exclusive Jurisdiction over the navigation of the waten 
lying within its territorial limits, and may therefore pass such laws regulating 
their use as it may deem wise, subject only to the power of Congress, above 
referred to, to interfere for the regulation of commerce. In this connection I 
refer to the following cases: WiUson v. Black Bird Creek miarsh Co. (2 Pet 
(U. S.), 245) ; Lake Shore, etc., R. Co. v. Ohio (166 U. S., 865) ; U. S. v. BelUng- 
ham Bay Boom Co. (176 U. S., 211) ; Leovy v. V. S. (177 U. S., 621) ; St 
Anthony FaUs Water Power Co. v. Water Commissioners (168 U. S., S60). 

The State of Alabama, when admitted into the Union, became entitled to the 
soil under navigable waters therein and of the properties of such waters, the 
same as the original States. (Pollard v. Hagan, 44 U. S., 212; St. Anthony 
Falls W. P. Co. V. Water Commissioners, 168 U. S,, 860.) 
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It would therefore seem to be abundantly establiahed by the highest authorl- 
dee that the only power which the Federal Government has In the matter of 
navigable rivers is that conferred upon Ck)ngres8 by the States, and such power 
is limited to regulating commerce — ^that is to say, to the improvement of the 
navigability of such rivers, and to the approving or disapproving of contem- 
plated works which may affect navigation. 

Now, as to the utilization of the power in a navigable stream toward the 
cost of any river improvement, or how the State may procure it to be done, 
whether by its bearing the expenses or a portion of the expenses directly, t^ 
charging rentals or tolls or by granting valuable rights and immunities to 
individuals or corporations, in consideration of such individuals or corporations 
doing the work at their own expoise and without other expense to the State, 
is a matter with which Congress has no concern, further than to exercise its 
paramount right to prevent obstruction to navigation It is a matter upon 
which the States must be permitted to make such bargains as they deem best for 
their respective interests without interference from any Federal authori^. 

The necessary conclusion is, therefore, that the State alone, and only the 
State, can determine the control, operation, management, or dlspoisdtlon of rivers, 
their waters, water power, or other asset features, or any other feature thereof, 
save and excepting that of navigation. The State alone is sole proprietor of 
and has the sole right to dispose of the energy property of its navigable rivers, 
and of the other asset features which the rivers comprise in their serv- 
iceabUity for irrigation, water power, water supply, etc. The State alone, 
therefore, can enjoy these property interests in the navigable rivers or dispose 
of them as it seems most fit to its advantage and to the advantage of its people. 
The State of Alabama, therefore, reserved all these things to itself, and gave 
over to the Federal Govemmoit only that one feature of its navigable rivers, 
navigation, over which it made the Federal Government supreme and which 
was placed first in order of asset value, first in order of usefulness to the people 
as a whole, not only of the one State, but of other States which are affiliated 
with it by the bond of commerce. 

It is a fact recognized and constantly acted upon that the Federal Government 
by accepting sovereignty over the navigable rivers of the country has placed 
itself under a moral obligation to the States to improve the navigation over the 
same as fast as possible, for the States, having thus relinquished their control 
are no longer able to control or provide facilities for the internal commerce of 
their people. 

LEGAL FOUNDATION OP THE PBOJEGT. 

There are three prime features which constitute the necessary title upon 
which must stand a project such as the Muscle Shoals Hydro-Electric Power 
Company has now under way. These are (1) riparian ownership, (2) Federal 
consent, (3) State grant. 

RIPARIAN OWNERSHIP. 

The owner of lands bordering upon an unnavigable stream is by virtue of 
such ownership the owner likewise of the bed of the stream extending to the 
thread thereof, together with the property rights of all descriptions which the 
stream carries. If the stream is a navigable one, the owner of the abutting 
lands has no ownership in the bed of the river and of the general property 
elements in the river. These the State holds. He does, however, through the 
ownership of his land, possess the right of access to and from the river, the 
use of its water for domestic purposes, and the use of the river in such other 
ways as do not interfere with the rights of navigation vested in the Federal 
Government, or of the rights of the State itself in the properties which as sover- 
eign of the people it has always maintained and reserved for itself. The ripa- 
rian ownership, therefore, of that stretch of a navigable river which may be 
affected by the improvements necessary for the development of water power is 
an absolute essential to the consummation of such a project in the hands of 
the company projecting it. Without the riparian ownership covering that 
stretch of the Tennessee River along the Elk River and Muscle Shoals Rapids, 
from the location of its lower dam to the upper end of slack water created by 
its upper dam, the company's hands would be effectually tied. An adverse 
riparian owner, under the rights which such ownership gives him, could enjoin 
through a court of equity any improvement proposed by a water power com- 
pany which tended in any way to change the river in any degree from its 
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natural state, to raise It or lower it, to quicken or slacken It, or In any manner 
to change its quality. Therefore the riparian ownership of the situation in 
question would stand as a perpetual bar to the inauguration of this great Im- 
provement unless that riparian ownership were vested in the company under- 
taking the improvement, namely, the Muscle Shoals Hydro-Electric Power Com- 
pany. This company has been most diligent in gathering to itself the lands 
necessary to insure the full enjoyment of the riparian privileges of the Ten- 
nessee River over the stretch covered by the proposed improvement as afore- 
said. The company has met with a hearty reception at the hands of the 
dwellers along the river banks owning the lands in question, and many of these 
lands have been sold to the company at reasonable prices, and without in any 
instance prices being made upon an unfair basis or with the display of any 
purpose of embarrassing the great project 

The state of the titles of the river as a whole along the 30-miIe stretch to 
be improved is about on a par with the ordinary state of rural titles throuc^- 
out the South, and has not been found to be always satisfactory. Many titles 
have been found to be mixed and uncertain and the real owners of some landed 
interests the company has been unable to find. All these deficiencies in title 
will be cured by the process of condemnation under a law which the State of 
Alabama passed at its last legislatiye session for the particular purpose of 
furthering this improvement 

FEDESAL CONSENT* 

In the introductory portion of this paper I have attempted to elucidate the 
relations of the Federal and State governments to navigable waters. That which 
was said upon this subject conceded to the United States the sovereign suprem- 
acy over navigable rivers as far as the one quality of navigation is concerned. 
All other interests in a river must step aside and subordinate themselves to 
the interests of navigation as the feature of prime importance to the people. 
Therefore any improvement which the State of Alabama may propose with 
reference to the Tennessee or any other navigable river must be in harmony 
with the navigation interests of the river as presided over by the Federal Gov- 
ernment. Any improvement of any character which the State may propose, or 
which it may give its consent to, must recognize at the outset the sovereignty 
of the United States, and conduct such an improvement only with the con- 
sent of the Federal Government Therefore a second and very important fea- 
ture of the legal title for a foimdation to the Muscle shoals project must be the 
Federal consent. This consent the Federal Government is morally bound to 
give if the proposed improvement does not interfere in any way with naviga- 
tion or if it tends to improve navigation. Under such circumstances it is 
never withheld. Our distinguished countryman, the late Senator Morgan, 
learned in constitutional laws and the doctrine of State rights, invariably con- 
tended that even the formality of obtaining Crovemment sanction was unneces- 
sary where it was evident that navigation is either improved or not interfered 
with. 

The Muscle Shoals Hydro-Electric Power Company has already presented 
itself before Ck)ngress, setting forth a plan and specification of its own for im- 
proving the navigation of the Tennessee River over the Muscle shoals and Blk 
River shoals, and at the same time utilizing in the interests of the public the 
water power which will result from such an improvement. In this project the 
Government was asked to participate. The project is so great and so costly in 
its dual nature that the company finds itself unable to undertake so large a 
work without soliciting the contemporaneous cooperation of the Gk>vemment to 
engage with it jointly in undertaking the double task, which on the one hand 
will give the Federal Government navigation for its people and on the other 
hand will give industrial power to the people under the auspices of the State of 
Alabama. The bill providing for the Federal consent to and participation in 
this improvement will be before CJongress in December next, and your distin- 
guished board by action of the last Ck)ngress was created for the purpose of 
investigating this particular situation and the project designed for it and of 
advising the next CJongress along certain lines to which the law creating your 
board directed your attention in connection therewith. 

STATE GRANT. 

Last, and perhaps most important as the essential element or third leg upon 
which this project must rest for its legal existence, is the grant of the State of 
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Alabama to the Muscle Shoals Hydro-Electric Power Company of the rights 
of the State In the several properties of the river which it inherently controls. 
As set forth in the introduction of this paper, it is clearly plain that the State 
of Alabama owns in fee the bed of the Tainessee River lying within its borders. 
It owns absolutely the energy asset within the river. It exercises sovereign 
control in every way over the river In all features save only the suprem^y 
important feature of navigation. Therefore, the Muscle Shoals Hydro-Electric 
Power Ck)mpany may not proceed with its project, unless it can stand in the 
shoes of the State of Alabama itself, as far as that is concerned. Alabama is 
fully alive to her own interests and the Interests of her people, and, as a pro- 
gressive and liberal spirit prevails in the management of her affairs, she has 
opened the way for this undertaking as far as she had the power to do so. 

The Muscle Shoals Hydro-Electric Power Company went before the State 
of Alabama at its legislative session last spring and presented its case, asking 
that the State bestow upon it all its rights of ownership and control In that 
stretch of the Tennessee River affected by this improvement, asking that it be 
recognized by the State as a public service corporation, clothed with the power 
of eminent domain in order to exercise the rights of condemnation for the pur- 
poses of this improvement when necessary, and also asking finally that the 
project be declared exempt from taxations of all descriptions for ten years, in 
order that the pathway of this great undertaking, beset as it is with so many 
dlfilculties, and beginning life as it must with so great a burden, might be 
made as easy and free from difficulties as it would be possible for the State of 
Alabama to make it The State radiated from its every comer with public 
sentiment favorable to these measures and the legislators, reflecting the minds 
of their constituents, enacted the necessary laws, which have done much to clear 
the way ahead for the coming of this improvement 

ALABAMA UEGISLAHON. 

The laws which I have briefly touched upon have been incorporated in the 
new 1907 code of the State of Alabama, and in order that their meaning may 
be entirely clear to your distinguished Board, I have incorporated them in this 
ipaper as follows: 

"Any person, firm, or corporation, organized for the purpose of improving the 
navigation upon a navigable river in the State of Alabama, and of developing 
in connection therewith a water power thereof by a dam and lock, or a system 
of dams and locks, and electrically transmitting and distributing such power 
for the use of the public, which shall have acquired the necessary lands on both 
sides of the said river to the extent at least of one more than half of the neces- 
nry abutment sites for the said dam or system of dams, and lock or system 
of locks, and shall have been organized or incorporated for the specific and 
particular purpose of improving the navigation of and developing water power 
in connection with a particular and specified river, and has prepared plans for 
the construction of a dam or system of dams, and a lock or system of locks 
appertaining thereto, and filed a copy of said plans in the office of the secretary 
of state of Alabama, together with a certified copy of its articles of incorpora- 
tion (if a corporation), which provides both for the improvement of navigation 
of such river, and for the development of the full water power of the same 
over the stretch of river thus to be improved, shall have authority to construct 
a dam or system of dams, with a lock or system of locks appertaining thereto 
in such river, for the improvement of navigation of the said river by one or 
more slack- water pools, due to the construction of said dam or dams, and the 
development of water power in connection therewith, and to that end and in 
consideration of the benefits to the public by reason of the improvemoit of 
navigation of such river and the development of water power thereof as herein 
provided, is hereby granted an easement for power purposes to and in the waWrs 
and bed of the river in which said dam or system of dams, and lock or system 
of locks, are to be constructed, for the full area covered by the slack-water 
pools, which will be created by the construction of the said dam or system of 
dams, to the extent necessary for developing the full power of said river over 
that length of the same upon which navigation is to be improved as provided 
herein, and for providing suitable and convenient sites for the said dam or sys- 
tem of dams, locks, power houses, and other features appurtenant thereto and 
necessary for navigation and power purposes, or for either of them, and to the 
extent made necessary by the impounding, diversion, and conversion of the said 
waters as the same may be caused by the construction of the said dam or 
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system of dams, or by any other change from the normal state of the said river 
due to said construction and necessary for the purpose of deriving the energy 
therefrom. 

"Improvement of naviffation, — ^Any such person, firm, or corporation may exe^ 
else the power of eminent domain for the purpose of acquiring such landa as 
It may be necessary or convenient to flood or otherwise utilize In order to Im- 
prove navigation as provided in this article, such lands to Include as well as 
all the area submerged, a strip of land 50 f^t In width bordering upon the 
margins of the slack-water pool or pools as the same may be defined at the 
highest stage of the river at any time after the completion of the Improvements 
herein provided for, and the right hereby conferred to exercise such power of 
eminent domain is cumulative. No person, firm, or corporation, shall acquire 
the rights by this act granted, unless the dam or system of dams, and lock or 
system of locks, to be constructed, will by the operation thereof improve the 
navigation of the river In which the dam or system of dams, lock or oystem of 
locks, are to be built, and will develop the full power of such river over the 
length of the same upon, which navigation Is to be Improved as provided in 
this act: Provided, That such person, firm, or corporation, shall commence 
work on said dam or system of dams, and lock or system of locks, within five 
years from the date of securing the consent of the Federal Government to do 
so, and shall complete the same within the time prescribed by the United States 
Government : Provided further. That no foreign corporation shall acquire the 
rights granted in this article until it has complied with the laws of Alabama 
with reference to foreign corporations. 

The person, firm, or corporation which first In point of time, shall have com- 
piled with the provisions of this article shall be entitled to all the rights and 
privileges herein granted; and the operation of this section shall be retro- 
active." 

The terms of the foregoing law have been fully complied with by the Muscle 
Shoals Hydro-Electric Power Company. The company has, as will be apparent 
from an Inspection of the accompanying map, acquired in fee "at least one 
more than half of the necessary abutment sites for the said dam, or system of 
dams, &c.,*' as shown by the accompanying map. The company was duly 
organized and Incorporated as required by the terms of the law "for the specific 
and particular purpose of Improving the navigation of and development of 
water power in connection with a particular and specific river, &c" The river 
specified in the articles of Incorporation is the Tennessee River, and the purpose 
of improving the Elk River shoals and Muscle shoals has been duly set forth 
in the said articles in the following language, which I quote from the articles 
of Incorporation aforesaid: 

** To develop under full head the potential power of the Tennessee River In 
passing over the Big and Little Muscle shoals and Elk River shoals and to Im- 
prove navigation over the same, and to secure lands and riparian and water 
rights necessary therefor, and for this purpose and in connection therewith to 
erect and use perpetually 3 dams In and across the Tennessee River in the 
State of Alabama, so designed as to Incorporate the necessary conduits, gates, 
and other appurtenances necessary for the utilization of water power ; the first 
of said dams to be located at the foot of the Little Muscle shoals, the second of 
the said dams to be located about midway of and across the Big Muscle shoals, 
and the third of said dams to be located across the Big Muscle shoals at or near 
lock No. 2 of the United States canal. In such positions relative to each other 
and of such heights, respectively, as shall develop slack water, covering the 
entire fall In the Tennessee River at ordinary low water from the beginning of 
the Elk River Shoals Rapids to the end of the Little Muscle Shoals Rapids, and 
to construct a lock in connection with each of the said dams as a part of Itself: 
and to erect, maintain, and operate in connection with each of said dams a 
p(f(ver station for the development of water power, to be used and sold as such. 
or for the transformation and transmission of the same, electrically or other- 
wise, to such places where it may be sold to and used by the public, such con- 
struction being subject always to the provisions, requirements, conditions, and 
stipulations as may be Imposed by the Chief of Engineers and the Secretary of 
War for the protection of navigation and the property and other interests of 
the United States, and to sell water to the public and to municipal corporations 
for domestic, sanitary, irrigation, and power purposes." 

I now place before your Board a copy of the Articles of Incorporation of the 
Muscle Shoals Hydro-Electric Power Company. 

The law also required that there be " Filed a copy of said plans in the office 
of the secretary of the state of Alabama, together with a certified copy of its 
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articlee of incorporation, whicb provide both for the naylgation of such riyer, 
and for the development of the fall water power of the same over the stretcdi of 
river thus to be improved, etc." This has been done in a letter of transmittal 
from the company to the secretary of the state of Alabama under date July 17, 
1907, and duly acknowledged by the said secretary of state in a letter dated 
August 20, 1007, copies of which letters are at your disposal. 
The law exempting the company from taxation is as follows : 
" To encourage the development of the various unused water powers of this 
State, the plants, and the property, business and franchises, necessary for th« 
production, transformation, and distribution of electric current, of any person* 
or firm, or of any corporation, organized for the purpose of developing hydro- 
electric power for the use of the public ; shall, in consideration of the benefits to 
be derived by the public from the development and operation of such properties 
and plants be. and the same are hereby, exempt from State, county, and ma- 
nidpal property and privilege taxation of all description, eitiier under general 
or local laws, until ten years after the beginning of the construction of any 
such plant. Nothing in this act shall be so construed as to exempt from taxa- 
tion the lands upon which such plants are erected; nor shall this act be so 
construed as to exempt from taxation any of the property, business, or fran- 
chises of any hydro-electric power plant already developed." 
Approved July 27, 1907. 

LEGAL POSITION OF MUSCLE SHOALS COMPANY. 

In conclusion, a review of the legal foundation of this project discloses the 
fact that the Muscle Shoals Hydro-Electric Power Ck>mpany — 

1. Possesses all the rights and properties of the State of Alabama apper- 
taining to the Tennessee River and necessary for the proposed improvemets. 

2. That this company owns or is in the way to own the necessary riparian 
rights. 

3. That the State of Alabama has indorsed the project as being in the in- 
terest of the people by exempting the company from taxation of all descriptions, 
municipal, county, and State, for ten years. 

4. That the company lacks but one item to complete its legal position and 
liable the project to take form and proceed, and that is the Crovemment con- 
sent As a forerunner to this. Congress has created your distinguished Board 
for the purpose of advising it at its new session upon the questions which 
have been referred to you for the purpose of obtaining the benefit of your 
wisdom and your able counsel in the premises. 

Respectfully submitted. 

Muscle Shoals Hydro-Electric Power Co^ 

By 

Oenei-al CounseU 



Appendix No. 21. 

FEDEKAL PABTICIPATIOH IH COBFOKATE AND PRIVATE PROJECTS 
WHICH ABE CALCULATED TO ESTABLISH COKXEBCE AXOHO THE 
STATES, OB IH FTTBTHEBANCE 07 OTHEB PBOJECTS FOB THE PXTBUC 
WEL7ABE, IS A WELL-ESTABLISHED PBINCIPLE 07 THE OOVEBHICENT, 
AS SHOWN BY INKUXEBABLE PBECEDENTS THBOUOHOXTT ITS ENTIBE 
EISTOBY. 

BY CHAS. H. BAKER, 
Vice-president Muscle Shoals Hydro-EUctric Power Company. 

New York, October SO, 1907. 
To the Board of Engineers, United States Engineer Corps, appointed under an 
amendment to the rivers and harbors bill, second session Fifty-ninth Congress, 
to examine and report on plans for improving navigation and developing power 
at Muscle shoals on t?ie Tennessee River, State of Alabama. 

Oovertunental cooperation. 

GENTLEMKif : The astonishing progress of the United States during the com- 
paratively brief period of its history has been due principally to the spirit of 
cooperation and encouragement for individual effort which is woven into the 
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fabric of the Constitution of the United States. The scheme of goyernment 
has been projected along lines helpful to the people and calculated for their 
own welfare and that of their posterity. The principle of lending encourage- 
ment has been applied principally to those of progressive temperament, like tbe 
hardy pioneer type who went out beyond the borders of civilization and amid 
terrible trials and hardships blazed the way for the coming of that new civili- 
zation which conquered the wilderness and which became the Mecca of whole- 
some happiness and achievement alike to all. mius it was that the Government 
bestowed upon those who had more courage and hardihood than the others 
free lands for homes and farms in the West, In order that they might pioneer 
and settle the great public domain under the helpful stimulus which the Gov- 
ernment gave them. 

While westward the course of empire thus slowly took its way, a handicap 
settled upon the newer civilization like a ban, because there were no facilities 
by which the pioneer settlements could establish commerce among themselves 
or with the eastern sections from which they had emigrated. A civinzatlon thus 
auspiciously begun was destined to stand still for the lack of the means of travel 
and communication. Railroads there were in the East among the more settled 
coDMnunities, but in the sparsely settled districts of the West, in those pioneer 
days, who was there who would venture to build a railroad to draw the new 
communities nearer to the older civilization? There was no one man nor aggre- 
gation of men who alone could do this for the people, and so it became the 
tunction of government to participate and make transportation projects pos- 
sible which otherwise would never have been bom. And thus it came aboat 
that the progressive spirits of the time projected the Union Pacific Railway 
across the country as an artery of conmierce to further the development of the 
country and promote the comfort and prosperity of the people. 

The Government took a hand In this project, for It meant the scattering of 
population throughout the West, the development of the natural resources, the 
absorption and occupation of Government lands by the people. Increased rev- 
enue due to increase of taxable property, and the enhancement of values 
wherever the influence of the project would be felt. It was good business, there- 
fore, and in the interests of all the people for the Government of the United 
States, to indorse this project and to participate in It by the cession to it of 
a vast allotment of the public domain as a contribution to the enterprise, and to 
lend it its credit, as well — for the problem was a financial one as well as a 
physical and engineering one. 

FINANCIAL PARTICIPATION. 

The United States, therefore, financed 6 of the pioneer railroads of this 
country which opened tbe great West to the progress of our civilization. A 
right of way and certain public lands were granted to the several Pacific Rail- 
road companies by act of Congress, and provision was made requiring the 
Secretary of the Treasury to issue to the companies upon the completion of sec- 
tions of their several roads United States bonds at the rate of $16,000 per mile, 
except for certain parts more difficult of construction, for which they were to be 
issued at the rate of $32,000 and $48,000 per mile, respectively. These bonds 
were given to the railroad companies as a loan from the Government, thus 
placing the Government credit at the disposal of the enterprises where the 
enterprise of itself and standing alone would have no credit. The bonds ran 
for thirty years and were retired at their maturity from the surplus earnings 
of the transportation lines, which during the period of the bonds had developed 
a profitable business. The railroad companies in which the United States thus 
participated, together with the amounts in which the Government thus Involved 
itself, ate shown by the following table from data furnished by the United 
States Treasury Department: 

Central Pacific Railroad Company of California $25,885,120 

Union Pacific Railroad Company 27,236,512 

Kansas Pacific Railway Company 6,803,000 

Hannibal & St. Joseph Railway Company 1,600,000 

Sioux City & Pacific Railway Company 1,628,320 

Western Pacific Railroad Company 1,970,500 

Total 64, 623. 512 

Had the Federal Government not taken the stand it did and participated hi 
these transportation projects, which would have been entirely Impossible of 
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accomplishment by private capital alone, the development of the great re- 
sources of the West might have been delayed indeflnitely. It does not seem so 
long ago that California was reached from the Bast only by " prairie schooner " 
overland, or by sailing around Cape Horn, requiring many weeks in the pas- 
sage, and the situation would have remained like that for many years there- 
after had not the pathfinders of our newer ciyllizatlon projected the Pacific 
railroads through the wilderness and across the deserts with the cooperation 
of the strong arm of the Federal Government to back their progressive spirits. 

LAND CONTRIBUTIONS. 

But the Government not only lent its credit and prestige to the financial 
operations, making possible these great arteries of commerce, but it endowed 
them plenteously as well with vast land grants, the value of which as soon as 
the roads were completed was sufficient almost In the several cases to pay the 
cost of the roads, and the values of the same since then have so much Increased 
as to become a most substantial asset of the different railroads. The Govern- 
ment has been indeed generous in dispensing Its landed estate in a manner 
calculated to make possible these transportation agencies. The participation 
l8 the same in principle whether the Government gave of its land, or its money, 
or its credit, and the history of our country shows that it has given all of these 
at times in the maimer which this paper will attempt to set forth. 

For the purpose of showing the grand scale of prodigality with which the 
Government has viewed internal transportation agencies, I Incorporate the fol- 
lowing table, derived from the General T>and Office, showing all the land grants 
of the United States which have been made as contributions toward the con- 
struction of railroads, wagon roads, canals, and river Improvements : 



FOB RAILBOADa 



Date of 

ITant. 



Grantee. 



nilnols Central B. B. Oo 

Mobile and Ohio B. B. Oo 

Hannibal and St. Joseph B." bT'OoT— " 

Pacifle B. B. Oo 

Oalro and Fulton B. B. Co 

Burlington and Missouri Biver B. B. Co.. 

Mississippi and Missouri B. B. Oo 

Iowa Central Air Line B. B.. 



Area certified 
or patented. 



Dubuque and Padflo B. B. Oo 

Florida, Atlantic and Gulf Central B. B. Co 

Florida B. B. Oo . 

Alabama and Florida B. B. Oo. of Florida 

Alabama and Florida R. B. Oo. of Alabama I 

Tennessee and Coosa B. B. Oo i 

Coosa and Chattanooga B. B. Oo 

Northeast and Southwestern B. B. Oo 

Mobile and Girard B. B. Oo , 

Tennessee and Alabama Central B. B. Co 

Alabama and Tennessee Bivers B. B. Co 

Bay de Noquet & Marquette B. R. Co 

Marquette and Ontonagon By. Co 

Ontonagon and State Line B. R. Co ' 

Marquette and State Line B. B, Co — I 

Peninsula R. B. Co 

Amboy, Lansing and Traverse Bay B. B. Oo ! 

Grand Baplds and Indiana B. R. Co i 

Detroit and Milwaukee R. R. Co — i 

Flint and Pere Marquette R. B. Oo | 

La Crosse and Milwaukee B. R Oo 

Tomah and Lake St. Croix R. R. Oo 

St. Croix and Lake Superior R. R. Co , 

Chicago, St. Paul and Pond du Lac R, R. Co 

Vlcksburg, Shreveport and Texas R. R. Co 

New Orleans, Opo4ousee and Great Western R. R. Co j 

Southern R. R. Co.. 



Aertt, 

2,595,0S8 

419.528.44 

787,180.29 

008.1W.84 

1,181.164.51 

68.294.17 

888.984.08 

607.461.68 

1.082,868.28 

1.156,956.54 

1,804,968.70 

280,183.28 

165,688 

804,522.99 

67,784.90 



648.676.98 
604.145.89 
438.906.90 
457.215.87 
128.000 



Gulf and Ship Island R. R. Co... 
Minnesota and Pacific R. R. Co.. 



Southern Minnesota and Minnesota Valley R. R. Co. 

Minneapolis and Cedar Valley R. R. Co 

Winona and St. Peter R. R. Co 

Southern Minnesota & B. Oo 



617.825.60 
743.000.80 
862.960.12 

80.993.75 
512.337.08 
1,115.38 
768.170.05 
782,691.88 
545.575.76 
858.212.68 

51.452.06 
196,028.41 

647.088.49 
1,258,348.99 
1,146,888.52 

179.700.01 

1,676,767.81 

59,619.40 



Length of 
road. 



MUet, 

498 
200 
241 
394.5 
279.98 
317.75 
274.2 
826. SS 
870 
287.60 
44 
119 
80.5 
87.0 

tn 

228.0 
183 
107.85 
SO 

n" 



125.2 
281.87 
888 

110 
170.00 

89 

156.9 
149.5 
U6 
190 

80 

113.5 
170 

12 

73.66 
817.4 
190 
115 
828.22 

76.6 
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Date of 
grtoL 



rpatentad. 



July 1,11 
Do.. 



Do 

JnJy 2,1984 
July 1.1882 

Do 

Mar. 8,1888 

Do 

Do 

May 6.1884 

Do 

May 12,1884 

Do 

July 2,1894 

Do 

July 4.1888 

Do 

July 28.1888 
July 25.1808 

Do 

July 27.1880 

Do 

May 4.187D 
Mar. 8.1871 

Do 



Unfon Padlle & B. Co... 
LesTAwortb, Pawnea ai 
Ositral Padie & B. Oo^ 



B.B.O0U 



Haimfl>al and St. Joseph B. B. Go. of Mkaouri.. 
Uoloa Padfle B. B. Co.. 



liMTexiwortti, LAwrenea and Oatraiton B. B. Co- 

▲teidKXi. Topika and Santa Pa B. B. Co 

Union Paeiie B. R. Co.. Sontbam Brancfa 

._ WInnabaco and Sopcrior B. K, Co 

[aparior and Miariadppf & B. Co 

Sloax City and St. Pan! K, B. Co 

MeOreffor W«tvn B. K, Co. 



Portafa,' 
Laka Snpt 



Bnrllntton and Mlaioarl BItv B. B. Co- 

Kortham Paeiie B. B. Co 

SootlMra Minnaaota B. B. Co. 



Haatlafs. Minn., and Bad BfTar 

9t. Joaaph and DeoTar City B. B. Co. 

California and Orecon B. B. Co 

Orafon Cntral B. B. Co. 



i,o«.i 

184.711.0 
447.78Ba» 
1.8i0,21».6» 
1IS.1S0.0B 
41.881^ 
8t.lM.86 
1^984.681.88 
711,886.18 
785.188.88 



8U.014.07 

1,871,00.77 

1.087.8Sr& 

461.aift.4t 

812.770.77 

402.678.14 

1,8 



AtlantSe and Paelfle B. B. Co.. 

SoQtlMra Paeiie B. B. Co 

Oncoo Central B. B. Co 

SoQtlMm Paeiie B. B. Co.. 



1.040,480.88 



New Orleans. Baton Bonga and Vtekabarf B. B 



107,718.85 
879.287.04 



Total.. 



44.484,719.10 



1.0 



111.18 
7S7.6 
100 

loi.n 

141.8 
469 Jl 
180.5 
841 
164.41 

88.18 
ISl 
190.18 

78JI 
179.87 



144.6 
848.97 



14.8 



FOB WAGON BOADS. 



Feb. 28.1823 
Mar. 2,1827 

Do 

Mar. 8.1863 

Do 

June 20.1864 

July 2,1864 , 

July 4.1WJ5 ' Oonrallis and Yaquina Bay Wagon Road Co 

July 6,1866 ' Willamette Valley and Cascade Mountain Wagon Road 

Feb. 26.]8^>7 Dalles Military Road Oo 

Mar. 8,1860 ' Coos Bay Wagon Road Co 



SUte of Ohio 

do 

State of Indiana. 

State of Michigan 

State of Wlsconshi 

State of Michigan 

Oregon Central Military Road Co.. 



Total. 



40,177.45 




tl.S08.00 




170,680.14 
211.018.86 
302,980.90 

4«^240r87* 
76.885.98 
548.749.68 
186.910.28 
104.000.01 


125 

158 

480 
47 

448.7 
857 

68 


2.014.084. .')1 


1,817.7 



FOR CANALS. 



Mar. 


2,1827 


May 


29,1830 


Feb. 


27.1841 


Aug. 


2flJ842 


Mar. 


8,18ir> 


May 


9,1818 


Mar. 


2.1827 


Do 1 


Aug. 


29,18t2 


Aug. 


3,18:)4 


May 


24.1828 


I'O 


June 18.18:« 


Aug. 


26,ia->2 


Mar. 


8,180r> 


Apr. 


10,1806 


July 


3.1866 
Total. _ 



State of Indiana 

do 



For Wabash and Lake Erie Canal 



State of Indiana 

State of Illinois 

State of Indiana 

State of Ohio. 

Milwaukee and Rock River CanafOo... 
State of Michigan. St. Marys Canal. 









Portage Lake and Lake Superior Ship Canal Co ^- 

Sturgeon Bay and Lake Michigan Ship Canal and Har- 
bor Oo. 
Lac La Belle Harbor Improvement Oo . ,^..-, ,,.-! 



234.240,73 
S9.6fi£.S0 

«59,a8i.4S 
14.^9.83 

7«,a30,19 

118,848.88 

aa>is.ii 

3B5,0».ll 

S.755,B8 
B1,8M,S1 
439,801,32 
460,907.12 
138,005.00 
74&,S8B.0B 
309,908.40 

109,830.06 
100,011,67 



*..790,7»i.7O 



FOR RIVER IMPROVEMENTS. 






May 2:M8i8 State of Alabama _ 


400,016.19 
688,808.43 
882,892.18 
669,382.28 




Aug. 8,1846 Fox and Wisconsin Improvement Oo 

Do State of Iowa _ . 





July 12,18<J2 Des Moines Navigation and R. R. Oo 





Total..' 

1 


1.965.588.08 
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Acres. 



Ballroads.. 



Wagon road!-. 



Oanali 

BtTVl 



44,464.719.18 
2,014.084.61 
4,600,724.79 
1,965,596.08 



14,980.68 
1,617.70 



Qrand totaL. 



53.066,121.56 



16.648.88 



FEDESAL CBEDIT PABTICIPATION. 

Barly in this decade the Government committed itself still farther to the 
policy of participation in transportation projects which are calculated to de- 
velop its domain and establish commerce among the people. To do this the Gov- 
ernment has gone so fftr as to cross the great Pacific Ocean and stamp its ap- 
proval and guaranty upon all railroads operated by steam, electric, or other 
power in the Philippine Islands which the Philippine government may Q)ecifl- 
cally authorize, and to this end the United States has loaned its credit, and as 
guarantor did authorize the Philippine government to guarantee upon the re- 
sponsibility of the United States the interest on all bonds issued for construc- 
tional purposes by the Philippine Railroad Ck>mpany to the extent of 96 per 
cent of actual cost, and at 4 per cent Interest for thirty years. 

There is a general Federal statute permitting any railroads in the United 
States or her territories to cross the public domain of the United States by com- 
plying with certain regulations, and to receive from the Government a free 
right of way 200 feet in width. The principle of Government cooperation should 
apply without doubt whether the transportation agency be a railroad or a river. 
A river is in effect several railroads more or less in one, according to its size. 
The river surface constitutes the tracks and the harbor into which it empties 
constitutes the terminal depot. There appears to be even more reason why the 
Government should participate in the development of the water highways than 
in the arteries of commerce on land, for the one requires much less money to 
make them available than does the other, and therefore when completed will 
render their service to the people for one-sixth to one-twelfth of what the other 
will do. 

SHABINO BIVEB AND HABBOB IlfPBOVEMENTS. 

As coming more nearly to the case in hand I desire to call the attrition of 
the Board to some of the many cases where the Government has participated 
with private interests or with some of the individual States or municipalities in 
river and harbor improvements in which there has been a duality or diversity 
of interest. I therefore call your thoughtful attention to the table which fol- 
lows, compiled from the records of the River and Harbor Committee, covering 
situations where public works have been undertaken Jointly by the Government 
and other interests, showing the amounts of the relative contributions of the 
Federal Government and the different interests, together with the localities and 
purposes thereof, covering the period from June 30, 1902, to date: 





Date. 


Purpose. 


Contributors. 


Locality. 


UnitedStates. 


Other 
interests. 


Oalllbniia: 

Sacramento and Feath- 


1902 
1904 
1906 


Restraining mining debris 


1400,000.00 

28,000.00 

1,005.702.00 

546,000.00 

8,899 000.00 


$400,000.00 

10,000.00 

4,867.00 

Not ascer* 


er rivers. 

Mokolome River 

Delaware: 

Wilmington Harbor 


Improvement above Benson Bridge. . 
Dredging 


FloHda: 

Biscajne Bay 


Dredging basin and channel from 
wharves at Miama to entrance. 

River Improvement between sooth 
St^te line and Philadelphia. 


Pennsylvania: 

Delaware River and 
New Jersey. 


1905 


tained. 
760.000.00 
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Locality. 



Bhode Island: 

Pawtucket River 

Inner Harbor at Great 
8alt Pond, Block 
Island. 
Entrance to Point Ju- 
dith Pond. 
Tenneraee: 

Miraissippi River at 
Memphis. 
Texas: 

Trinity River , 



Port Arthur Canal . 



Date. 



Purpose. 



1907 
1900 



1905 
1897 
1905 

1906 
1907 



Mansarhusetts: 

Essex River , 

MichiKan: 

South Haven Harbor . . 

Minnesota: . 

Fort Bnellinir. bridgel 
over Mississippi Ri verj 



Missouri: 

Missouri River at St. 1905 
Joseph. 

Do 1907 

Do • 1907 

New Jersey: 

Cold Spring Inlet , 1907 

Or€ffpn: 

Columbia and Lower . 1903 
Willamette riven be- , to 
low Portland. I 190: 

Washington: 

Upper Colombia and ' 1907 
Snake rivers, Oregon, 
Washington, and 
Idaho. 

PuKet Sound and Lake 1907 
Washington CanaL 



UnitedStates. 



River improvement 

Excavation of ponds for inner har- 
bor. 

Dredging entrance channel 



Repair of revetment. . 



Construction of dams at Old River 
and Parsons Slough, easing bends 
and other improvement in section 
one. 

Entire improvement tsansfened to 
United States free of oosL 

River improvements 



Construction of bulkheads and estab- 
lishment of dock lines. 



River improvement (Elwood bend). 



'7 ) 



.do. 
.do. 



Improvement Cold Spring Inlet . 
Dredging 



Improvement Snake River, from Ri- 
paria to its mouth. 



Canal construction. 



Contribaton. 



$601,584.00 
200,000.00 



20,000.00 

Not known. 

648,287.00 

Not known. 

80,000.00 
407,800.00 

125,000.00 

701,609.96 



1,211,000.00 

1,690,000.00 

601,544.41 

470,000.00 



Other 
Interasia 



|07,7HL(II 
26,000.01 



10,000.09 
780.00 



Not 



6,000.00 



J100,000.00 
t 25^000.00 

82,600lOI 
17,600100 

100,000.01 
168»72SL« 
126,000.00 

600,000.00 



The Mississippi River affords a very instructive example of Gtoyemment 
participation with private interests in the improvement of navlgatioii of tiie 
Mississippi by the construction of a system of levees for the protection ol 
commerce. In these examples of mutuality of interest and concerted purpose^ 
it is seen that the Government and local interests participate about eqnali^ in 
the improvements calculated for the public good. By reference to the supple- 
ment of the annual report of the Chief of Engineers for 1904, pp. 20 to 28, tlie 
following information on this subject will be disclosed concerning levee im- 
provements in the first and second engineer districts of the Mississippi 
system : 



Levee districts. 



I Partldpa- 
: tlon by local 
: Interests. 



Participa- 
tion by 
GoTemment. 



ToUL 



Upper St. Francis 

Reel Foot 

Lower St. Francis 

Upper Yazoo..«^ 

White River 

Lower Tazoo 

Upper Tenaas 

Total 



C7t(&ie yards. 

283,804 

686,770 

10,071,801 

15.908.880 

1.088,880 

10,505,880 

18.818.660 



CvMeirardt. 

sn.ifls 

788.181 

6.284.U1 

6,817,788 

8.878,406 

16.080.000 

18,470,478 



CvMeyorlf. 
861.001 
1.884.001 
15.tl8,8n 
88.000.081 
8.811,7U 
B.615,88S 
80.784.181 



00,880,8V 



64.187.197 



U4.087.78l 



From the Report of the Chief of Engineers referred to I quote as follows : 
** It is proper to have in mind in this connection that as the riparian oom- 
munities reap greater and greater advantages from the protection BttordeH bj 
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the levees, they ought to contribute more and more to the expense of them. 
And they do. * ♦ ♦ The cooperation which has been maintained between 
the United States and the States and their local boards for the past twenty 
years has been a fair and cordial one, and there is no ground to claim that the 
local interests have not borne their fair share of the burden. For a few years 
to come the necessities of the situation will compel the contribution by them of 
all the money they can raise, notwithstanding the most liberal appropriations 
that can be extended from Congress." 

The situation in the Muscle shoals district is parallel to what has been said 
on the subject of the Mississippi levees, with the exception that in this case it 
is proposed to tax a single class of the people of Alabama and Tennessee in 
meeting the cost of cooperation with the Government in establishing navigation 
over the shoals, instead of taxing, as would more Justly be the case, all classes 
of the conununity. In this case it is the users of industrial power only who 
are taxed, and they are taxed through their purchase of power from the Muscle 
Shoals Hydro-Electric Power Company, which proposes to divide with the 
Government the expense of structures which are common to both navigation 
and power; and evidently the cost of structures to the power company will 
affect its charge for service to the people. Those classes of the local com- 
munities which are interested in navigation alone escape notice when the ques- 
tion of participation of expense in this particular improvement is discussed. 

COOPERATION PROFITABLE TO GOVEBNMENT WHEN POSSIBLE. 

As bearing upon this general subject of the participation I call your atten- 
tion to a class of projects very numerous indeed in which the Government has 
taken the initiative and proceeded alone and independent of other interests. 
Under such situations where the improvement happens to be a dam built to 
improve navigation, there results as a by-product of the navigation project a 
water power, which will have more or less value according to its location with 
respect to a market and its practicability. In such a case, if a person were to 
approach the (Jovemment in order to obtain its consent to build a water power 
plant, the Government surely would not present him a bill for the entire cost of 
their improvement done in aid of navigation, and demand that he should pay it. 
That would indeed by the very principle of injustice which it invokes put a 
veto upon the power project. The Government doubtless would say " we can 
not charge you a rental for the potential energy in the water, because that la 
not ours to claim a tribute from ; that belongs to the State. We should, however, 
ask yon to pay a portion of the expense which we have heretofore been to, for 
the reason that you will aijoy the use of our structures jointly with us, or we 
will charge you a rental for the use of our structures equivalent to an equita- 
ble share in the depreciation cost of the same and a fair interest on such por- 
tion of the investment as would be just for you to bear. That portion we 
should fix according to your ability to pay, and according to the relative par- 
ticipation in the situation as a whole which your project and navigation would 
«iJoy." 

In this connection it is evident that if the projector of a power plant could 
plan a use of the water independent of Government structures, he need not 
consult the Government at all, as long as his use of the water does not disturb 
navigation in any manner and the State has consented to it So it would be at 
Mnscle shoals, where if the Government itself were to build the dams the power- 
plant man could then divert the river aroimd the structures, leaving enough 
water for operating the locks, and make his bargain for the privilege with the 
State alone. It would seem as though the Government therefore should be 
cooperative at a time when a profitable arrangement is offered, for undoubtedly 
this company could not bear even as large a share of the expense as it now 
proposes to do if the market which it hopes to serve were invaded by other 
water power transmitted in from other sources. The fact must not be lost 
right of that another plant 200 miles distant would have an equal chance for a 
customer half way between, or 100 miles from each plant, and it would have a 
better chance if its cost for structures were less. The plant at Ghattanooaga, 
for instance, at 150 miles distance, could penetrate well within the zone which 
Muscle shoals ought to handle, and it could do it very profitably, too, on account 
of having about one-sixth the length of dams that falls to the lot of Muscle 
shoals, with equal falls in each case. Therefore, even with the Government pay- 
ing for its half of dams at Muscle shoals, the situation there would be under 
Jipavy bandionit if ft had to meet in competition power delivered from the new 
plant at Chattanooga. 
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I call attention to the act of Congress approved June 8, 1902, for the purpose 
of Improving the Cumberland River. Under this act "the Secretary of War 
is hereby authorized in his discretion to grant leases or licenses to the highest 
responsible bidder for the use of the water power created by said dam at such 
a rate, and on such conditions, and on such periods of time as may seem to 
him expedient ; provided that any lease or license granted shall be limited to the 
use of the surplus water not required for navigation, and no structure shall be 
built and no operations be conducted which shall in any manner injure naviga- 
tion, interfere with the operations of the Government, or impair the use of any 
improvement made by the Government for the benefit of nayigation." This 
is a case where the Government has acted tndepoidently in the Interests of 
navigation, but, as yet our information is that no one has seen any advantage 
in applying for the water power and developing the same, although five yean 
have elapsed — and doubtless the privilege may be obtained for a nominal an- 
nual interest charge, or even for nothing if the water could be utilized with- 
out the use of the Government structures made necessary for navigation pur- 
poses Evidently a water power must have some commercial significance before 
it can be utilized. 

Rather than disregard what good there is in the Tennessee, or any navigable 
river from a power standpoint, let it be improved for the dual purpose — ^let 
the power feature bear of the burden of cost what it can safely carry and let 
navigation, which is vastly far more reaching in its infinence and helpfniness, 
vastly more profitable to the people as a whole in dollars and cents, and vastly 
more potent in the upbuilding of the civilization of the country, let it take the 
rest of the burden and carry it. This company can assert no rightful daim 
to the navigation feature of the river, nor can the United States assert any 
rightful claim to the power feature thereof. 

In 1796 the United States proclaimed its sovereign control of navigation over 
all the navigable rivers in the country and set itself up as the people's sponsor 
for their guardianship and improvement under the right with which the States 
had endowed it The States have never challenged that sovereignty and have 
relied upon the fulfillment of that stewardship. The individual State is sov- 
ereign over navigable rivers within its borders as f&T as all other elements in 
the river are concerned, such as power, irrigation, drainage, and water supply. 
The State of Alabama has endowed this company with all its rights of water 
power in the Tennessee River over the Muscle shoals and Elk River shoals, and 
it has exempted the company from taxation of all descriptions for ten years. 
It has done all it could do, and it now looks to the United States to give it 
navigation and at the same time chain up the Wasting power for the benefit of 
her people. This is the psychological hour for concerted action by the Federal 
Government, the State of Alabama, and the power company. 

INACTION NOW WILL MEAN MANY YEARS DELAY FOR BOTH NAVIGATION AND FOWQL 

A longer delay may spoil the opportunity for both, for as time goes on new 
Industries are established each month, invariably connecting themselves to per- 
manent steam plants, and the old steam plants are being rebuilt and committed 
to a still further use of steam. If the whole country gets fettered to steam and 
with new plants, the water power prospect will grow dimmer in consequence 
and will remain so indefinitely. Navigation on the Tennessee will likewise be 
threatened by the delay. The idle river will encourage the building of new 
railroads to usurp the opportunity which the river scorns, and then there won't 
be such a crying need for more transportation facilities to alleviate the con- 
gestion, and the people will pay the extreme freight for another long term of 
years, and the development of the Tennessee Valley will be held back for 
another cycle of time. 

Already the Government has approved and put on the waiting list about 
$500,000,000 of projects for improving the rivers and harbors, which are taken 
up at the rate of about $20,000,000 per year. What chance within this century 
will the Tennessee Valley have in the face of this competition and the priorities 
established in other directions, if advantage is not now taken of the opportimity 
to cash in the power element of the river as a valuable by-product of the navi- 
gation improvements? And this opportunity, as stated before, is passing bj 
and losing .its luster with the lapse of time. Can anj'one donht the wisdom of 
letting the river run through water wheels and thus enable the cost of the 
locks and half the cost of the dams be derived from the water, rather than 
letting the river run to waste and benefit no one? 
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EQUITABLE PARTICIPATION. 

We ask the Goverament to pay for its own purposes their portion of the 
joint improvement as follows: 

For the locks $1, 732, 000 

For one-half the lands and rights 344, 200 

For one-half the dams 3,607,000 

Total ._ 5, 683, 200 

It has even been suggested that we ask the Government to guarantee our 
bonds as it has done in connection with other public enterprises before as 
stated in this paper. Such a plan would certainly make power cheaper than 
would otherwise be possible, for with the Government credit under our bonds, 
they would be taken by investors at a premium instead of at a discount, so that 
the works would cost less and the service therefore be made cheaper. This 
thought is here mentioned as being akin to precedents which the Government 
has already established for itself, although probably outside of the scope of the 
inquiry intrusted to this board. 

It has already been stated that it is estimated that $500,000,000 Is necessary 
In order to carry through necessary river and harbor improvements in the 
United States. The Inland Waterways Ck)mmission, which in company with the 
President has recently made a trip through the Mississippi Valley, expects to 
recommend an immediate appropriation of $200,000,000, to be devoted mostly 
to the improvement of the internal waterways comprising the Mississippi basin. 
The President is in thorough accord with the programme and will lend his 
hearty support. As an integral and important part of this great project the 
Muscle shoals obstruction should not be overlooked, for it is practically the 
only barrier standing between the great Tennessee River Valley and the rest 
of the world. Mr. Burton, the illustrious chairman of the Rivers and Harbors 
Committee, has frequently enunciated the policy that these great improvements 
should be taken up in an orderly manner, and that preference should be given 
to such projects as are participated in by interests outside of the Central Got- 
erument. There is no better example of such a class than the one under dis- 
cussion, where the power company proposes to relieve the Government of over 
$4,0(10,000 of the expense as its contribution to the joint navigation and power 
project. 

THE POWER company's MISSION AND ITS RUBDEN BEABIN6 CAPABELITT. 

The Muscle Shoals Hydro-Electric Power Company was incorporated for the 
specific purpose of improving the navigation of the Tennessee River over the 
Elk River shoals and Muscle shoals, and It can fulfill no more important public 
function as a part of its destiny than bringing this about in connection with the 
development of power at that point as its second corporate function. It asks 
the Government to pay for navigation features, and it therefore does not ask 
the privilege of levying tolls upon the commerce of the river which might ply 
through the ship locks incidental to the dams. No better river could be chosen 
for the first attention of the powers that be. Nature has given it the right 
direction of flow, for the trend of commerce is toward the Gulf, and later on 
will be through the Panama Canal. Nature has blessed this river with immu- 
nity from the plague of ice, which cripples northern rivers during the winter 
seasons, unfitting them not only for navigation but very often for power enter- 
prises as well. 

The power company will begin its existence without a cent of revenue and 
must build up from nothing to a point where it will not only pay its running 
cost, its depreciation and maintenance, but a fair return upon the capital in- 
vested as well. During this long period there will be running against it the 
Interest charge on its hydraulic structures, which will be the same whether 
1 horsepower is produced and sold or whether 100,000 horsepower is produced 
and sold. Each dam is as necessary for the development of 1 horsepower as it 
is for the development of 33,000 horsepower. This waiting and slow-growing 
process is a costly one, and will mean hard sledding for the power project, 
until in the course of years it has had time to establish its business throughout 
the country which will be tributary to It Not so, however, with navigation, for 
when the dams are done the greatest commerce which the river is capable of 
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can immediately ply upon its surface, and the business is there to establish 
such a commerce. The Government from Its share in the worlt, therefore, gets 
full and immediate returns from its investment, and from the standpoint of the 
Government, it will be an encouraging and profitable situation from Its very 
beginning, and will multiply the value of taxable property in the Tennessee 
Valley. 

It is hardly necessary to discourse upon the necessity of navigation on the 
Tenessee River as a means of relieving freight congestion on the railroads, of 
saving fortunes yearly in freight charges, and of developing the whole Tennessee 
Valley. The value of this to the people as compared to what the water power 
will do for them is as millions to hundreds. This company needs no ship locks. 
The Government does need them as a feature of its business on the river and 
will therefore build them at its own cost The Government needs the dams for 
its business and so do we for ours. The advantage to the Government will be 
many fold more than what it will be to us and yet we stand ready to bear half 
the cost of them, and upon no less favorable basis for the power company basis 
can we see before us a logical, consistent, and safe water power, capable of 
offering a safe and reasonable investment. The fact must now be recognized 
that navigation as the other and more favored element of the river must bear 
its just share of opening up this magnificent river to the industries of the South 
and the commerce of the world. 

We have as shown before estimated the cost of completing the navigation 
and power project in its entirety at $20,198,800. This is a vast sum of money, 
and yet it is small when a just measure of the beneficial results to be had by 
the people is considered. The Government's equitable portion of the bill will 
be as stated $5,683,200, leaving $14,515,600, or $145 per horsepower, for the 
t»ower company to bear. This is the utmost that our "camel's back" can 
stand, even if our career is unmarred by -untoward events. Any manager of 
power enterprises will tell you this and recommend you to be more liberal still 
in order to insure the commercial soundness of the enterprise. This will cut 
the cost of navigation improvements nearly in two, an advantage which is not 
usually afforded to the Government. Gentleman of the Board, it is for you to 
say in your wise discretion whether this project takes form or not. If we do 
what we offer to do we will strain our elastic limit. This power project can 
not stand a greater load and live. To do more would be attempting the impos- 
sible and courtiug disaster. Gentlemen, it can not be done. 

Remember, gentlemen, this Joint investment redeems an almost useless river 
to its fullest service to mankind. It puts a new commercial highway upon the 
map from Knoxville to Paducah — 644 miles, and means to that country more 
than would a 10-track railroad. With this done the name "sixth greatest 
river in the United States" will then indeed mean something more than it 
now does. 

PUBLIC OPINION BEGABDING THE WATEBWAYS. 

Let me in closing tell you what some of the leaders in our country's affairs 
have to say on the subject of improving the internal waterways: 

President Roosevelt in his recent addiess at Keokuk, October 1, 1907, said : 

"I feel that we can not have too many high roads, and that in addition to 
the iron high roads of our railroad system we should also utilize the great 
river highways which have been given us by nature. From a variety of 
causes tliese highways have in many parts of the country been almost aban- 
doned. This is not healthy. Our people, and especially the representatives of 
the people in the national Congress, should give their most careful attention 
to this subject. We should be prepared to put the nation collectively back of 
the movement to improve them for the nation's use. Our knowledge at this 
time is not such as to permit me to go into details or to say definitely just 
what the nation should do ; but most assuredly our great navigable rivers are 
national assets just as much as our great seacoast harbors. Exactly as it is 
for the interest of all the country that our great harbors should be fitted to 
receive in safety the largest vessels of the merchant fleets of the world, so by 
deepening and otherwise our rivers should be fitted to bear their part in the 
movements of our mechandise; and this is especially true of the Mississippi 
and its tributaries, which drain the immense and prosperous region which 
makes in very fact the heart of our nation." 

The Hon. Martin B. Madden, of Illinois, in a speech in Congress February 1. 
1907, said : 

" The time has come when the people of the Middle West will demand con- 
sideration at the hands of the nation's legislators. Demand it because their 
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claims are just; demand it because the country embraced within the Missis- 
sippi Valley is cai)able of producing more from its mines, fields, forests, and its 
farms than any other similar area in the nation; demand it l)ecause water is 
recognized as the cheapest transportation known to commence; demand it be- 
cause the nucleus of this great waterway is already constructed and ought to 
be utilized." 

The Hon. Robert F. Broussard, of Louisiana, in a speech before the House 
of Representatives February 6, 1907, said : 

** This great Government of ours must open its purse to better improvement 
of its rivers and harbors, to the cutting of canals, even if in doing so it finds 
that it can spend less in armament, in colonial possessions, in strange, ali^o, 
and obnoxious government abroad with no profit to our people. This is but 
the beginning of the canal age. This Government of ours, the foremost nation 
in the race for commercial supremacy, ever mindful of the welfare of its 
people, must realize that we are now entering the canal age, and in order to 
hold our lead in the march of progress and civilization this Government's 
policy toward its waterways must be generous and magnanimous." 

Senator Morgan said : 

" The improvement of the navigation of the Mississippi River should receive 
the united, faithful, and liberal support of the entire country, as the most 
important and distinguishing feature in the commercial highways of this con- 
tinent, which is without a rival in the geography of the earth. Water trans- 
portation is the great controlling power that stands for justice to the people, and 
they are demanding that (Congress will give it rightful encouragement. There 
is one pronounced reason that can never be changed to support water transpor- 
tation against all other methods. It is that the navigable waters belong to the 
people and cost nothing for construction, while all other methods belong to in- 
dividuals or coriwrations, and the cost of transportation must be calculated at a 
profit on the cost of construction and ownership." 

Chairman Burton in his speech before the National Rivers and Harbors Ck>n- 
gress December 6-7, 1906, said: 

** We have been spending $20,000,000 per annum on rivers and harbors, 
as against $100,000,000 on our Navy. I believe that there will be a change 
in that particular. I believe the building of light-houses and the deepening of 
our harbors will confer a benefit greater than that of battle ships and of brist- 
ling bayonets in making this country prosperous, great, and supreme among the 
nations of the earth." 

From the report of the committee on resolutions of the Convention of the 
National Rivers and Harbors Congress December 6-7, 1907, I quote: 

** Congress has demanded in the past an awakened public sentiment in favor 
of adequate appropriation for river and harbor improvement We maintain 
the awakening has come. Congress must now recognize that public sentiment 
in favor of Increased appropriation, as voiced by conventions and the press, has 
reached a point where the concern is not the advisability, but only the question 
of amount and frequency of such appropriation. Present conditions demon- 
strate that transportation facilities are totally inadequate for the prompt and 
economical transportation of the products of the country. Within the last ten 
years the tonnage moved by railroads has increased 47 per cent, while during 
the same period railway mileage has Increased only 20 per cent. Hundreds of 
millions of dollars are lost annually to our farmers and other producers by the 
failure of the National Government to provide the assistance, which properly 
Improved waterways will give in increased facilities for transporting freight. 
We maintain that water competition is the best and surest regulation of freight 
rates. The improvement of rivers and construction of waterways will afford the 
most natural, permanent and effective method of reducing and regulating the 
cost of transportation of both our domestic and foreign commerce." 

The Hon. Joseph E. Ransdell, president of the National Rivers and Harbors 
Congress, said in a speech in Congress January 31, 1907 : 

"During the five years ending June 30, 1907, our total expenditures for all 
purposes of government have averaged $806,925,839.59 a year, of which sum 
rivers and harbors received $23,425,121.30 a year, or less than 3 per cent of 
the whole. During this five-year period fortifications received $6,761,489 a 
year, nearly 1 per cent of the whole; the Army received $80,509,481 a year, 
al>out 10 per cent of the whole; the Navy received $98,039,942 a year, about 12 
per cent of the whole; and pensions received $140,857,836 a year, about 17 pet 
cent of the whole. War and its rewards have for the past five years received 
every year more than 40 per cent of our total appropriations. Rivers and bar- 
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bors received for the benefit of commerce — and bear In mind that commerce 
contributes practically all of our revenues — ^less than 4 per cent, while our 
Army in these piping times of peace got over 10 per cent; our Navy over 12 per 
cent, and our old veterans over 17 per cent. Now, I have not one word to aay 
against the Army or the Navy, and especially against the Navy. My heart 
swells with a just pride when I recall the great and glorious record of our 
Navy without one stain upon its fair escutcheon from the days of John Paul 
Jones and his Bonhomme Richard to those of Dewey, Sampson, and Schley. 
And God knows I have nothing but kind thoughts and kind words for the 
gallant veterans of our wars. But can any fair minded man say that 3 per 
cent of all our revenues is a square deal for rivers and harbors? Why the 
Navy has received within the last five years a total of $490,190,713, almost 
as much in five years as rivers and harbors have gotten during the one hundred 
and eighteen years of our national existence. 

" But would it pay to make these improvements? Yes, I say ; It would pay 
beyond the shadow of a doubt; it would pay better than any investni«it this 
Government ever made. Why do I say this? I say it because it is a feet 
established beyond dispute that water transportation costs on an average in 
this country only one-sixth as much as transportation by rail, and whenever 
waterways are thoroughly improved not only does a large quantity of freight 
move thereon at rates only one-sixth as high as those by rail, but the rates 
on competing railroads are very materially reduced, and for every dollar of 
the people's money invested by Congress annually in the improvement of our 
waterways at least $2 a year are saved to the people In reduced rates. 

" One thing is certain, and he who fails to see it is blind, the renaissance of 
waterways is at hand. The American people understand the importance and 
demand proper appropriation from Congress for their speedy and business like 
hnprovement. They understand that with properly improved waterways the 
great freight congestion which exists in every State of the Union would be re- 
lieved ; and they also know that railroad rates would be regulated and reduced 
far better by legitimate competition on unmonopolized waterways than by any 
rate commission devised by man. They know that waterways were the princi- 
pal and best means of transportation on earth during the tides of time until 
the advent of railroads a hundred years ago, and while they know that the 
Iron horse is one of the best servants to man, and perhaps the greatest civilizer 
in the world, he can never supplant the waterways. I beg of you to hearken to 
their voice. I beg of you to make up your minds here and now to Insist upon 
a complete and radical change in our waterway policy. Our methods have been 
stingy, slow and unbusinesslike in the past. Let us make them prompt, liberal, 
and up-to-date. Let us go at this waterway improvement as though we meant 
business, and do it right, regardless of cost. For the past ten years we have had 
an average of about $20,000,000 a year for rivers and harbors. It should not 
be less than $50,000,000 a year, and our votes would be applauded if we made 
it larger than that amount." 

This same eminent gentleman, in addressing the Mississippi Valley Lathi 
American Convention at New Orleans, April 7, 1906, said: 

"The Mississippi River and its tributaries constitute the most magnificent 
system of internal waterways on earth. Along their shores live the dominant 
people of the globe. Napoleon Bonaparte, the greatest genius who ever lived, 
said, over a hundred years ago, that the nation which controlled the Mississippi 
River would be the greatest power on earth, and his words have been fully 
verified in the past ten years. The United States is to-day the leading power 
of the world. It never could have occupied this proud position but for Its 
ownership of this mighty river. Never was there a wiser piece of statesman- 
ship than when the immortal Jefl'erson made the Lousiana Purchase. He was 
not an expansionist and did not desire the territory of Lousiana, but he wished 
to make the purchase, and that purchase added a splendid empire to our 
domain. 

" In this valley are several of our greatest cities and thousands of smaller 
towns. Its agricultural and mineral wealth are close seconds to its wonderful 
manufactures. The whole world pays tribute to it, and on its products in ocean 
transit to the marts of earth, the sun never sets. It was the necessity of an 
outlet to the sea for the people and products of this valley that caused the 
Louisiana purchase. Would it not be treason to neglect such a river as the 
Ohio? Yet it needs vast sums— possibly $60,000,000— to improve it properly, 
with 9 feet from Pittsburg to Cairo, and complete the development of its mar- 
relous resource. Its main tributaries, the Tennessee and the Comberland. are 
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lons^ rivers, wbose valleys teem with inexhaustible timber, mineral, agricultural 
and manufactured wealth, which are but in the infancy of their development — 
Indeed, which have scarcely been touched — and the magic wand of $10,000,000 
spent on each of them would open treasures to the nation and repay the Gov- 
ernment a thousand fold for the comparatively small expense of making them 
imvigahle the year round. 

" I have far more confidence In the great free highways of the Almighty, 
constructed by the hand of the Creator, free and open at all times, and to all 
men — the poorest and the richest — than I have In artificial highways constructed 
by men. I have far more confidence in the immutable laws of supply and 
demand. In the forces of competition and legitimate strife between carriers on 
our unmonopollzed waterways, than I have In billionaire railroad trusts, regu- 
lated by a fallible and susceptible Interstate Ck)mmerce Commission of 9 or 10 
men. Wherever canals, rivers, lakes and other waterways are properly de- 
veloped, so that navigation Is first class, freights are cheap, and there Is no 
demand for rate regulation. This demand comes entirely from communities 
which have no waterways." 

Resi^ectfully submitted. 

Muscle Shoals Hydbo-Electbic Poweb Company, 
By Chas. H. Bakeb, Vice-President, 
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COIOCERCIAL ASPECT 07 THE ELK RIYER AKD inTSCLS SHOALS 

SITUATION. 

By Chas. H. Bakeb, 
Vioe-PreMident Mutcle 8hoal9 Hydro-Eleotric Power Company. 

New Yobk, October 20, 1907. 
To the Board of Engineers, United States Engineer Corps, appointed under an 

amendment to the rivers and harbors bUl, second session. Fifty-ninth Con" 

grcas, to examine and report on plans for improving navigation and develop- 

ing power at Muscle shoals on the Tennessee River, State of Alabama. 

Gentlemen : In our address to you of May 7 last, under the caption of 
" History of Muscle Shoals Hydro-Electric Power Company and what it 
claims," and upon page 13 thereof, upon which are enumerated our contentions 
which we propose to prove, I would state that In conformity with that purpose 
this address Is directed to you for the purpose of proving contentions numbered 
2d, 3d, and 5th, respectively, asserting : 

(o) That if the entire cost of navigation improvements by slack water must 
be borne by the United States Government, the accomplishment of the task will 
be delayed many years. 

(&) That the amount of power practicable of development at Muscle shoals 
has been greatly overestimated, and that if the entire cost of the necessary 
structures for power and navigation were to be borne by the power enterprise, 
It would be wholly impracticable commercially, and would remain so for an 
indefinite period. 

(c) That the cost of developing the unit of power has been greatly under- 
estimated, and the rate at which power can be sold when develoi)ed has been 
greatly overestimated. 

So many water power developments have been financial failures, that a certain 
engineer, and a wag as well, has laid down this general rule as a basis for 
avoiding unsound investments in that line : ** Halve the estimated minimum flow, 
then with this as a basis for horsepower capacity, double the estimated time 
and cost of construction, add 50 per cent for contingencies, halve the estimated 
revenue, and then if 10 per cent profit is apparent upon the investment, con- 
sider it safe as a 5 per cent investment." There is more truth than fiction In 
this. In fact, the principle involved In this rule has been so much disregarded 
that many water powers or roseate hue have proved monumental failures, com- 
mercially si)eaklng, and these unfortunate examples have discredited water 
power securities as a class to such an extent that only a succession of notable 
Bucress(*8 will overcome It. I have In mind the plants at Sault St, Marie, and 
Ht Mespena on the St Lawrence as conspicuous examples where millions were 
promised and lost, and I wish to say in this connection that the Muscle Shoals 
Hydro-Electric Power Company has no inclination to be placed in the same 
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categoiy. We have, therefore, viewed the situation laid bare of all alluring 
spectacular and uncertain features. 

POWER CAPACITY OF THE SHOALS GENEBALLT OVERESTIMATED. 

I call your attention to House of Representatives document No. 7^ of the 
Fifty-eighth Congress, second session, entitled "Water Powers of Alabama," 
and I refer you to page 206 of that document, upon which is given a table 
showing the estimated minimum net horsepower of the Tennessee Hiver on 
turbine realizing 80 per cent of the theoretical power as follows : 




MinJmimi net 

horsepower 

in average 

years. 



Elk River shoals 

Muscle shoals 

Littde Muscle shoals 

Total 



30.550 
99,875 
27,025 



134 



157.450 



The foregoing table is based upon the measurement of the river flow at Chat- 
tanooga 200 miles farther upstream, and drawn from a watershed of 7,500 
square miles less in area than the watershed which supplies the river as it is 
seen flowing over the shoals as scheduled above. The above estimate of 157,450 
mechanical horsepower should be added to to the extent that the 7,500 square 
miles additional watershed would justify. Accepting the flgures, however, as 
stated, and making a reduction of 20 per cent to compensate for loss in the 
generators, step-up and step-down transformers, and transmission lines, would 
reduce the above total to 135,960 useful electrical horsepower. The above is 
then the Government's official statement of the total net electrical horsepower 
which could be developed and transmitted from these 3 shoals under the average 
low-water conditions of the river. 

Whether the popular and more generally accepted estimate of the power of 
the stream at this point has been founded upon incompetent private investiga- 
tions, or upon a roseate and exaggerated comprehension of the Government's 
estimate, is not known; yet nevertheless the popular estimate is as much an 
exaggeration of the Government's estimate as the Government's estimate is of 
the actual facts of the situation. The Sheffield Reaper of December 13, 1906, 
under the caption *' The power at Muscle shoals," states the estimated horse- 
power of these shoals at 185,000 horsepower, which supposedly includes the Big 
and Little Muscle shoals, but omits the Elk River shoals; and therefore the 
popular estimate of the power of these shoals, upon the optimistic basis of the 
Sheffield Reaper, should be increased by about 25,000 horsepower to compensate 
for the omission of the Elk River contribution, which would make it a total of 
210,000 horsepower. The Tennessee is a very broad river. There is a solemn 
majesty about it which appeals to the layman as he beholds it silently gliding 
by, but he has failed to count its depth and velocity, and therefore has no com- 
prehension of its volume, and he knows nothing of its fall, and consequently 
can have no conception of its potential capacity. Neither does he take notice 
of the fact that he is gazing upon an averajxe or high-water stage of the river 
which spellbinds him, rather than at a low-water condition which is necessarily 
the true measure of the river's usefulness for power purposes. The proclama- 
tion of the Sheffield Reaper may be taken as a measure of the public estimate 
of this water power, which simply crystallizes the enthusiasm of the local com- 
munities about the shoals, which have but little actual knowledge of the real 
facts of the case, where with them " the wish has become father to the thought." 

However, when an individual, or a company of individuals forming a cor- 
poration, gives serious contemplation to the thought of investing money in a 
water-power situation, they naturally studiously eliminate any wild inferences 
or highly-colored guesses of the ability of a river to turn out horsepower, but 
instead they boil the situation down and free it of all uncertain elements in 
order to reach a basis where, beyond peradventure, they may know what actual 
output of horsepower they can get to sell and therefore what return can be 
gotten on their money. The most careful investor or engineer will measure 
the power of a river by what it will do at the lowest level of its lowest water 
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years. IJDder such a cautious consideration we are forced to reduce the popu- 
lar estimate of the available capacity of the Tennessee River from the shoals 
in question (and when shoals are used in this paper the 3 shoals as a whole 
is meant) to figures very much at variance with those discussed above 
and varying with the weather conditions from year to year. Basing our calcu- 
lations upon the recorded measurements of flow at Chattanooga between the 
years 1896 and 1905, we find that the shoals were capable of useful power to 
the extent of: 



49.200 horaepower | 1 

57.400 horsepower ; 8 

65.500 horsepower 1 6 

73.800 horsepower I 8 

82.000 horsepower i 18 

98,400 horsepower 19 

The worst years in this period were : 



Year. 



1897.. 
1899__ 
IWW_. 
1903_. 
1904- 
1004-. 
1904.. 



Less than— 



41.000 horsepower 

98,400 horsepower 

73.800 horsepower 

82.000 horsepower 

49.200 horsepower 

57,400 horsepower 

63,000 horsepower 



Per cent of 
the time. 



1 
88 
20 
27 

7 
12 
14 



In other words, in round numbers, for 20 per cent of the time the power 
situation at the shoals will develop less than 100,000 horsepower of useful 
salable energy, a situation which the ultracareful investor would not seriously 
consider as safe and sufficient basis for establishing a 100,000-horsepower 
development and securing the proper returns therefrom. However, our investi- 
gation of the industrial territory which may be taken as a tributary to the 
shoals, displays a situation of intermittent and interweaving loads, which may 
favor it to a considerable extent, not only as a daily condition, but as a condi- 
tion likely to obtain from week to week, or from month to month. In other 
words, if all the industries were to be connected with and draw their power 
from this one source, and the power required for their aggregate maximum 
demand be taken as 120,000 horsepower, it is not likely that the resultant pull 
would exceed 100,000 horsepower. Therefore, and in view of these conditions 
as we find them, and of the fact that Dam No. 3 will afford some seasonable 
storage, we have concluded to take the horsepower value of the shoals situation 
at what we would deem its safest maximum, viz, 100,000 estimated horsepower. 
It will thus be clear to the Board that even after accepting perhaps a too 
favorable view of the premises for a cautious investor to take, we find our- 
selves compelled to count upon from 50 to 100 per cent less power than has 
usually been credited to the shoals. 

CONSTBUCnON COST PER H0B8EP0WEB GENEBALLT UNDERESTIMATED. 

Notwithstanding the fact that the horsepower output of the shoals, and con- 
sequently their earning capacity, can be made to vary between wide extremes, 
according as one takes a reckless or a safe view of the situation, yet the cost 
of the construction operations Involving the generation of 100,000 horsepower 
will not differ except by insignificant margins in the minds of different investi- 
gators, and inasmuch as the construction cost per horsepower will not mate- 
rially vary under different estimates, the same rule will also apply to the fixed 
charges, maintenance, and depreciation which will run against the investment 
necessary to develop such a given situation. In the matter of construction cost, 
as well as horsepower capacity, the shoals situation has likewise been the sub- 
ject of popular error varying between wide extremes. Our esteemed cham- 
pion of this project, the late Senator Morgan, actually believed that $1,000,000 
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would build each of the 3 dams and that $3 per horsepower per annum is a 
price ut which a horsepower could be served to a distant customer from elth^ 
of the 3 dams, a theory absurd on the face of It. "Why," said he to me, 
" your rock is there in the river bottom ; the water is there. All you need is a 
little cement and the necessary labor to mix them all together and your dam 
is built.*' He overlooked the tons and tons of djmamite necessary, the heavy 
construction machinery, and the fact that available and efficient labor is not as 
handy as the rocks and water. It did not occur to him that each of these 3 
dams would be a solid monolith of concrete, which would nearly fill Pennsyl- 
vania avenue in Washington from the Capitol to the White House. This coun- 
try nowhere contains so large and costly a single feature of an enterprise upon 
which interest must be earned and paid and depreciation met 

The Senator's enthusiasm has doubtless stimulated the popular fancy, with 
the result that the shoals has been repeatedly proclaimed throughout the land 
as not only the greatest water power in the country — rivaling even Niagara — but 
as the one which could give the cheapest service ; when as a matter of t&ct our 
investigations prove it to be a power of moderate proportions only, the most 
excessive in cost in the United States unless navigation participates liberally 
In the expense, and therefore the one which can not be looked to as commer- 
cially possible, unless navigation joins hands with it It might be remarked at 
this point that the condition of the Tennessee River under which we assume 
100.000 horsepower for the shoals, would, if applied to Niagara Falls, afford 
3,000,000 horsepower. 

If you tell an engineer that a certain power project has no tunnels, flumes 
nor canals, that its transmission is short, and that its cost per horsepower is 
much over $100, he will say immediately, ** You have a dam to build, I see.'* 
If you tell him your cost per horsepower is $200 he will charge the difference 
all to dam, and will know that you have an unusually large one. There are 
three such dams necessary to develop the shoals power if only one horsepower 
is to be realized from each of them. It takes no more nor fewer dams to develop 
the entire 100,000 horsepower. One of them is something under a mile in length 
and the other 2 are considerably over a mile each in length. If they were each 
only half as long, and the investment cut in two in consequence, the power pro- 
duced would be the same, as this is determined by the height of the dam ratheir 
than by its length. 

We have given most careful attention to the making of our estimates of cost 
of this improvement, basing the same wherever possible upon our own surveys 
and data in order to insure a basis upon which we are willing to subscribe our 
estimates. Upon the basis of current prices for labor, materials, and machinery, 
such as an installation of this magnitude might expect to obtain, we have found 
that the cost of this development will be — 



Development. 


Horsepower 
delivered to 
customers. 


Water-rights 
lands on 
river, prep- 
aration, etc. 


Locks. 


Dams. 


Power-hoQSO 

substnio- 

tures. 


No. 1 

No. 2 


33,400 
33,300 
33.300 


$255,100 
133,300 
300.000 


$575,000 
575,000 
582,000 


$1,761,000 
2.827.000 
2.626.000 


$802,000 
579,000 
583.000 


Total 


100,000 


888,400 


1.732.000 


7.214.000 


1,774.000 


Development. 


Bundlngrs at 
dam sites, 

shops, pow- 
er houses. 


Hydraulic 
and generat- 
ing equip- 
ment. 


Transmis- 
sion, etc. 


Substations, 
Including 

lands, build- 
ings, and 

equipment. 


Total. 


No. 1 

No. 2 

No. 3 __ 


$169,500 
151,500 
151,500 


$1,720,800 
1.742,600 
1,742,600 


$1,184,800 
602.100 
469.300 


$330,500 
809.200 
210.000 


$3,004,700 
6,019.700 
6.674.400 


Total 


472,500 


6,212,000 


2.256,200 


849,700 


20,198,800 



The head of water at the 3 dams contemplated by the shoals development 
will be practically the same at each, and since the flow of the river is the same 
over each dam, then the capacity at each development may be rightfully taken 
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a8 a third of the whole, although their respective costs will vary with the lef-gth 
of the dams. Upon the basis of 100,000 net horsepower available from the 
shonis at the 3 dams, and a total estimated cost of $20,198,800, the cost per 
horsepower of the entire development, including navigation worlcs, will there- 
fore be $201.08— evidently prohibitive if borne by the power company alone. 
Upon the more carefully considered and safe assumption of 80,000 horsepower 
for the entire shoals, the cost per horsepower will be $252.44 per horsepower. 
It will be readily seen, therefore, that upon either basis the construction cost 
per horsepower of the shoals project, independent of any contribution of navi- 
gation to the situation, would at once return it to where it has always been 
before, viz, to that class of water powers which have no commercial significance. 

The shoals situation is as well known as any power possibility in the land, 
and has been wide open to the gaze of the world ever since hydro-electric 
developments began to be Seriously regarded in this country. It has attracted 
its share of the public attention, and yet when it has drawn capitalists and 
engineers to it for the purpose of investigation, it has invariably repelled them 
from it by the unfavorable characteristics which beset it This company has 
followed in the wake of at least 3 others which have failed because of lacking 
a true conception of the situation, and not knowing the logical method of attack- 
ing the problem. How many private and unheralded attempts were made to 
devise a true business aspect for the situation is not known, but it is safe to 
say that they were numerous. In other words, as a water-power project alone, 
it can not stand in the future any more tlian it has been able to do in the past. 

Hydro-electric practice has fixed by hard experience $100 to $150 per horse- 
power as the cost of hydro-electric developments, including their transmission 
lines and substations. The cost varies, of course, according to the nature of 
the head works and the distance transmitted. Power managers figure that with 
their power transmitted 100 miles they would be on an equality with steam 
power derived from Pennsylvania anthracite coal at $8 per ton. The problem 
would evidently be more difficult with coal around the $1 figure, as would be 
the case in the Muscle shoals territory. Nashville, the largest single market, 
is 100 miles away, and the bulk of the power would doubtless find its market 
at that distance. An ideal power development is that at Snoqualmie Falls, 
State of Washington, built by myself. Nature did so much for this project 
that what she left for us to do cost only about $75 per horsepower. If the 
above cost per horsepower is exceeded, it means a further burden of interest 
charge and it means an additional and more cumbersome plant to operate by 
virtue of being more costly in construction, and therefore most costly to op- 
erate and more sure to fail. High cost per horsepower, as in the case in hand, 
generally means low head and a multiplicity of slow speed units requiring 
more attendance and maintenance, while high-head plants involve high-speed 
units and fewer of them, thus meaning lower cost per horsepower, and there- 
fore less operating and maintenance cost. Such conditions might be success- 
fully coped with in a territory where fuels were scarce in quantity and high 
in price, for that would mean a compensating advantage to the project of 
being able to earn a high price for its product; but unfortunately this con- 
dition does not obtain in the country adjacent to Muscle shoals, but quite the 
contrary is true. Here we find a country where the cheapest coals exist, and 
coals which are highly efficient as well. Here we find the waste gases of 
smelters being used for making about 40 per cent of the power used in Bir- 
mingham. This is a condition of competition that can only be met by extra- 
ordinary water power, extraordinary in low cost of construction and low cost 
of operation. 

SELLING PRICE OT POWEB HAS BEEN MUCH OVEBESTI MATED. 

The local popular fancy has colored the shoals situation as a profitable pro- 
ject, which would make rich any man or set of men who might wish to under- 
take it. That set of men has not been found until this company, which devised 
the only rational project for the shoals, came into the field. It was discovered 
early in our investigations that power was being developed very cheaply by 
ordinary steam processes in the district tributary to the shoals, on account of 
the abundance of the cheap fuel, which will always serve as a regulator of the 
price of any water power served in this district. We learn, for instance, that the 
central station plant in Nashville by their steam plant is actually producing 
their power at 7 cents per kilowatt hour, which taken in connection with the 
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load factor on tbeir system would make their power cost In tbe neighborhood of 
$20 per horsepower per year. Very few water-power projects are able to enter- 
tain the sale of their power at so low a figure. 

Now, comes the case of a project destined to be one of the greatest and most 
useful to the people of this country, the manufacture of lime-nitrogen, an ^fi- 
cient and much needed fertilizer, having as its chief constituent nitrogen de 
rived from air. Its other constitutents are coal and limestone, which are found 
in abundance in the districts not very remote from the shoals; but It is a pro- 
ject whose very first essential for its successful existence in America Is a power 
at a cost of not to exceed $15 per horsepower per annum, and $15 power it 
must get in order to be the means of fertilizing the worn-out soils of many of 
the Southern States and to add to the cotton-producing capacity of the many 
^Plantations of the South. There has come also to our attention a new aluminum 
industry, designed to invade the field in the face of the present aluminum trust 
at the expiration of its patents two years hence. Within 100 miles radius of 
the shoals they have found all of the raw materials needful for this great in- 
dustry. But there is one thing which they demand as equally needful, and that 
is power, not at $15 per horsepower, but at $12 per horsepower, for the new 
aluminum industry has to meet a rival in the open market which has fortunately ' 
possessed itself of the cheapest water powers in the country where they are mak- 
ing their own power at something like $8 to $10 per horsepower per year. 

The cheapest fuels in the land, near at hand and very extensive, might cause 
this company to hesitate even after the Government's contribution in behalf of 
navigation of one-half of the cost of hydraulic structures common to both 
Interests, but the company is not unmindful of a foe more worthy of its steely 
and that is a foe of its own kind— other water powers. The art of insulation 
against high tension currents has recently been brought to so high a degree 
of perfection that voltages may be increased and transmissions of electricity 
carried to much greater distance than formerly. This will permit several low 
cost water powers to invade the field which this company has preempted as 
its own, unless this company is able to sell its power cheaply enough to dis- 
courage such invasions, or unless such other powers have sufficient attraction 
in size and price of market to induce them to stay at home. 

This company has made a systematic canvass of the territory within a radius 
of transmission. It has found cotton mills in Huntsville making their own 
power by steam at $15 per horsepower. It has found that nil cotton mills 
require, as a condition precedent for their existence, $15 to $20 power. The 
projectors of this company know from their experience in similar projects 
elsewhere that existing steam plants are not to be counted upon for customers 
unless they are broken down and ready to be rebuilt. The saving in monthly 
cost for power is not sufficient inducement to the owner of a steam plant to 
abandon it and invest in an electric motor. We must look mostly to the new 
industries and educate them to electric power in the beginning. It is evident 
therefore that the company must build up its business from nothing, although 
it has Itself to begin life under the cost burden of a complete plant, and so 
must schedule deficits in the beginning of its career. It can not commence 
small and grow up gradually and feeling its way in safety. It must begin as 
an adult and take its chances in so doing, waiting patiently for that success 
which can only come if it has been born right. 

These are the real conditions which confront the shoals situation, and Muscle 
shoals must be prepared to meet them, or must cease proclaiming its power 
producing virtues altogether. The shoals must be considered upon the basis 
of being able to furnish the people of the South $15 to $20 power, and such a 
price segregated, will give the project a fair interest return upon the invest- 
ment, upon the theory that it keeps within a safe per horsepower construc- 
tion cost, as mentioned before, and a reasonable margin to cover the cost of 
operation, maintenance, and depreciation. The industrial situation of this 
section of the South, therefore, demands that this water power and all others 
have $100 to $150 or less per horsepower as their first cost, varying according 
to distance of transmission and the nature of the headworks, and failing in 
that they cease to be water powers, commercially speaking. 

Respectfully submitted. 

Muscle Shoals Hydbo-Electbic Poweb Ck)MPANY, 
By Chas. H. Baker, 

Vice-President, 



